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INTRODUCTION
C o n f o r m a t io n a l  a n a l y s i s  and t h e  s t e r e o i s o m e r i s m  o f
c y c l o h e x a n e  d e r i v a t i v e s  a r e  t h e  s u b j e c t s  o f  two e x c e l l e n t
( 3 2 ) ( 3 3 )r e v i e w  a r t i c l e s  by B a r to n  and Cookson and by O r l o f f  .
The c o n c l u s i o n  by S a c h s e ^ ^  and by M o h r ^ ^  t h a t  c y c l o —
h e x a n e  can  e x i s t  i n  o n ly  two c o n f o r m a t i o n s  f r e e  f rom  a n g l e
s t r a i n  h a s  l o n g  b een  a c c e p t e d  by c h e m i s t s .  T h a t  t h e  c h a i r
c o n f o r m a t i o n  (A) i s  more s t a b l e  t h a n  t h e  b o a t  (B) i s  a t t e s t e d
( 36 )t o  by much p h y s i c a l  e v i d e n c e ,  i n c l u d i n g  i n f r a r e d  and
Raman s p e c t r o s c o p y  and e l e c t r o n  d i f f r a c t i o n ^ ® ^ ,  and by 
therm odynam ic  c o n s i d e r a t i o n s  (39,1-f.O)  ^ D e r i v a t i v e s  o f  c y c l o — 
h e x a n e  a lw ay s  t e n d  t o  t a k e  up t h e  c h a i r  c o n f o r m a t i o n  w heneve r  
t h i s  i s  s t e r e o o h e m i c a l l y  p o s s i b l e .
H H
A
The s u b s t i t u t i o n  o f  a h e t e r o - a t o m  su c h  a s  n i t r o g e n  
f o r  one o f  t h e  c a rb o n  a tom s o f  a c y c l o h e x a n e  r i n g  c a u s e s  
o n l y  s l i g h t  d i s t o r t i o n  o f  t h e  r i n g .  The p r e s e n c e  o f  a t r i ­
g o n a l  n i t r o g e n  atom sh o u ld  r e d u c e  t h e  d i f f e r e n c e  i n  th e r m o ­
dynamic s t a b i l i t y  be tw een  t h e  c h a i r  and b o a t  fo rm s  o f  t h e  
p i p e r i d i n e s  a s  compared t o  c y o lo h e x a n e s  due  t o  t h e  l a c k  o f  a 
" f l a g s t a f f 11 s u b s t i t u e n t  on t h e  n i t r o g e n .  The u n s h a r e d  p a i r
o f  e l e c t r o n s  o f  t h e  n i t r o g e n  a tom ,  by i n t e r a c t i o n  w i t h  a p p r o ­
p r i a t e l y  l o c a t e d  s u b s t i t u e n t s ,  may a f f e c t  t h e  r e l a t i v e  therm o­
dynamic  s t a b i l i t y  o f  v a r i o u s  p o s s i b l e  c o n f o r m a t i o n a l  i s o m e r s .  
The p o s i t i o n  o f  g r e a t e s t  i n t e r a c t i o n  a p p e a r s  t o  be  t h e  im­
p o s i t i o n .  T T
The f a c t o r s  c o n t r o l l i n g  t h e  s t e r e o c h e m i s t r y  o f  a d d i t i o n  
r e a c t i o n s  w i t h  t h e  c a r b o n y l  g r o u p  o f  a l i c y c l i c  k e t o n e s  hav e  
b e e n  e x p l a i n e d  i n  t e rm s  o f  therm odynam ic  and k i n e t i c  c o n t r i —
s t e r i c  h i n d r a n c e  a b o u t  t h e  c a r b o n y l  g r o u p  was t h e  c h i e f  f a c t o r  
d e t e r m i n i n g  t h e  r e l a t i v e  amounts o f  i s o m e r s  o b t a i n e d  i n  t h e
therm odynam ic  f a c t o r  i n  p o i n t i n g  o u t  t h a t  t h e  e q u a t o r i a l  
i s o m e r  was p r e d o m i n a n t  i n  t h e  p r o d u c t  o f  r e d u c t i o n s  o f  a l l — 
c y c l i c  u n h i n d e r e d  k e t o n e s .
t o  a c a r b o n y l  i s  c o n s i d e r e d  t o  be  a n  a t t a c k  o f  t h e  R on t h e  
c a r b o n  o f  t h e  o a r b o n y l  g r o u p .  I n  c y c l o h e x a n o n e s ,  t h e r e  c an  
be a s u b s t a n t i a l  s t e r i c  e f f e c t  i n  t h e  a p p r o a c h  o f  t h e  n u c l e o — 
p h i l i c  r e a g e n t  t o  t h e  c a r b o n y l  c a r b o n  a to m .  I f  t h e  r e a g e n t  
a p p r o a c h e s  a s  d e p i c t e d  i n  C, t h e r e  i s  c o n s i d e r a b l e  s t e r i c  
i n t e r f e r e n c e  by t h e  a x i a l  h y d r o g e n s ,  w h e re a s  i n  D t h e r e  i s  no 
s u c h  i n t e r f e r e n c e .  Such f a c t o r s  a s  t h e s e  p l a y  i m p o r t a n t  r o l e s
b u t i o n s  i n  t h e  r e a c t i o n .  Jackman e t  a l ik2) c o n s i d e r e d  t h a t
r e d u c t i o n  o f  a l k y l o y c l o h e x a n o n e s . B a r t o n em p h a s ize d  t h e
The r a t e —c o n t r o l l i n g  s t e p  i n  t h e  n u c l e o p h i l i c  a d d i t i o n
3 .




Zimmerman i n v e s t i g a t e d  t h e  s t e r e o c h e m i s t r y  o f  t h e
k e t o n i z a t i o n  r e a c t i o n  t o  d e t e r m i n e  t h e  p o s s i b i l i t y  o f  s i m i l a r
e f f e c t s  i n  t h e  c o n v e r s i o n  o f  t h e  t r i g o n a l  e n o l  c a r b o n  t o  t h e
t e t r a h e d r a l  c a r b o n  a l p h a  t o  t h e  c a r b o n y l .  He fo u n d  t h a t  th e
m a j o r  p r o d u c t  f ro m  t h e  r e a c t i o n  o f  p heny lm agnes ium  brom ide
w i t h  1—b e n z o y l c y o l o h e x e n e  was a k e t o n e ,  in .p .  1 1 7 ° ,  whose
i d e n t i t y  w i t h  1—p h e n y l—2—b e n z o y l c y c l o h e x a n e  was e s t a b l i s h e d
by i n f r a r e d  c o m p a r i s o n  and m i x t u r e  m e l t i n g  p o i n t  d e t e r m i n a t i o n .
A m in o r  p r o d u c t  was a s t e r e o i s o m e r  w h ic h  m e l t e d  a t  12i|° and
( 1 )d e p r e s s e d  t h e  m e l t i n g  p o i n t  o f  t h e  m a j o r  p r o d u c t
S u b s e q u e n t l y ,  i t  was shown t h a t  t h e  k e t o n e ,  m .p .  1 1 7 ° ,  
was c_is—l —p h e n y l—2—b e n z o y l c y c l o h e x a n e  and t h e  k e t o n e ,  m. p .
1 2 k ° , was t h e  t r a n s  i s o m e r .  T h is  was d e m o n s t r a t e d  by t h e  
q u a n t i t a t i v e  c o n v e r s i o n  o f  t h e  f o r m e r  t o  t h e  l a t t e r  compound 
by t r e a t m e n t  w i t h  sodium e t h o x i d e  i n  e t h a n o l ,  and t h e  r a p i d  
b r o m i n a t i o n  o f  t h e  c i s  k e t o n e  g a v e  1—p h e n y l —2—bromo—2—b en — 
z o y l c y c l o h e x a n e .  Under  s i m i l a r  c o n d i t i o n s ,  t h e  t r a n s  k e to n e  
was r e c o v e r e d  u n c h a n g e d .  R e p e a te d  e x p e r i m e n t s  i n d i c a t e d  t h a t  
w h e r e a s  t h e  c i s  i s o m e r  was b r o m in a t e d  r e a d i l y  u n d e r  v e r y  m i ld
c o n d i t i o n s ,  t h e  o t h e r  was e x t r e m e l y  r e s i s t a n t  t o  b r o m i n a t i o n .  
S in o e  i t  i s  v e r y  l i k e l y  t h a t  t h e  e a s e  o f  b r o m i n a t i o n  d e p en d s  
on t h e  r a t e s  o f  e n o l i z a t i o n  o f  t h e  two i s o m e r s ,  t h e  c o n t r a s t ­
i n g  b e h a v i o r  c a n  be a t t r i b u t e d  t o  a much g r e a t e r  r a t e  o f  e n o l i — 
z a t i o n  o f  t h e  c i s  i s o m e r  t h a n  t h a t  o f  t h e  t r a n s .
The f a c t  t h a t  i n  t h e  G r ig n a r d  r e a c t i o n  t h e  l e s s  s t a b l e  
i s o m e r ,  c i s —1—p h e n y 1—2—b e n z o y l c y c l o h e x a n e . i s  t h e  m a j o r  p r o ­
d u c t  s i g n i f i e s  t h a t  o f  t h e  two p o s s i b l e  k e t o n i z a t i o n  p r o c e s s e s  
o c c u r r i n g  on a o i d i f y i n g  t h e  magnesium e n o l a t e ,  t h e  p r o c e s s  
l e a d i n g  t o  t h e  l e s s  s t a b l e  k e t o n e  h a s  t h e  g r e a t e r  r a t e .  T h is  
d i f f e r e n c e  i n  t h e  r a t e  o f  k e t o n i z a t i o n  h a s  b e en  a t t r i b u t e d  by 
Zimmerman t o  a s t e r i c  e f f e c t  w h ich  comes i n t o  p l a y  d u r i n g  t h e  
a c i d i f i c a t i o n  p r o c e s s .
Zimmerman h a s  e x p l a i n e d  t h a t  t h e r e  a r e  two p o s s i b l e  
a p p r o a c h e s  t o  t h e  e n o l  c a r b o n  atom w h ich  u n d e r g o e s  a t t a c k  by 
a p r o t o n  d o n o r .  One a p p r o a c h  ( t h a t  w h ich  i s  f rom  t h e  u n d e r ­
s i d e  o f  t h e  s i x —merabered r i n g )  i s  much more h i n d e r e d  t h a n  t h e  
o t h e r  ( t h a t  w h ich  i s  f rom  t h e  t o p s i d e  o f  t h e  s i x —membered 
r i n g ) .  Assuming t h a t  t h e  p h e n y l  s u b s t i t u e n t  ( b e c a u s e  o f  i t s  
b u l k i n e s s )  i s  e q u a t o r i a l ,  t h e  p r o t o n  d o n o r ,  i n  t h e  f o r m e r  
a p p r o a c h ,  would be i n t e r f e r e d  w i t h  by t h e  b e t a —a x i a l  h y d r o g e n s .  
Thus ,  t h e  p r e f e r r e d  a p p r o a c h  o f  t h e  p r o t o n  d o n o r  would be 
t h a t  w h ich  l e a d s  t o  t h e  k i n e t i c  p r o d u c t  r a t h e r  t h a n  t h a t  which  
l e a d s  t o  t h e  therm odynam io  p r o d u c t .
Ho'
(2)Zaugg r e p o r t e d  s i m i l a r  r e s u l t s  i n  t h e  a n a l o g o u s  
p i p e r i d i n e  s e r i e s .  When m e th y l  1—m e th y l—1 , 2 , 5 ,  £> - te t rahydTo­
n i c  o t i n a t e  ( a r e c o l i n e )  was t r e a t e d  w i t h  e x c e s s  phenylmag— 
n e s iu m  b r o m id e ,  a k e t o n e ,  m .p .  115—1 1 6 ° ,  was i s o l a t e d  i n  36$ 
y i e l d .  E l e m e n t a l  and i n f r a r e d  a n a l y s i s  i n d i c a t e d  t h a t  i t  was 
1 - m e t h y l —1^—p h e n y l—3—b e n z o y l p i p e r i d i n e  w h ic h  m us t  h a v e  r e s u l t e d  
f rom  b o t h  s i m p le  and c o n j u g a t e  a d d i t i o n  o f  t h e  G-rignard r e a g e n t  
t o  t h e  o ( , ^  —u n s a t u r a t e d  e s t e r  l i n k a g e .
I n  a n  a t t e m p t  t o  c y c l o d e h y d r a t e  t h i s  k e t o n e  t o  t h e  
c o r r e s p o n d i n g  i n d e n o p y r i d i n e ,  t r e a t m e n t  w i t h  r e f l u x i n g  W 
h y d ro b ro m ic  a c i d  gave  an i s o m e r i c  k e t o n e ,  m .p .  62—6 3 ° ,  i n  72$ 
y i e l d .  A l l  o t h e r  a t t e m p t s  t o  c y c l o d e h y d r a t e  t h e  h i g h e r -  
m e l t i n g  i s o m e r  w i t h  a c i d i c  r e a g e n t s  were  u n s u c c e s s f u l  and l e d  
o n ly  t o  th e  t h e r m o d y n a m i c a l l y  more s t a b l e  i s o m e r ,  m .p .  62—6 3 ° .  
The th e r m o d y n a m io a l ly  l e s s  s t a b l e  k e to n e  d e c o l o r i z e d  brom ine  
i n  h o t  g l a c i a l  a c e t i c  a c i d  w h e rea s  t h e  more s t a b l e  i s o m e r  d id  
n o t .  Thus, t h e  h i g h e r - m e l t i n g  i s o m e r  was a s s i g n e d  t h e  c i s — 
c o n f i g u r a t i o n  and t h e  lo w e r—m e l t i n g  i s o m e r  t h e  t r a n s —c o n f I g o ­
r s  t i o n . A n o th e r  s i g n i f i c a n t  d i f f e r e n c e  a p p e a r s  i n  t h e  i n f r a ­
r e d  a b s o r p t i o n  s p e o t r a  o f  t h e  two k e t o n e s .  C a rb o n y l  a b s o r p t i o n  
o f  t h e  c i s  i s o m e r  a p p e a r s  a t  1701 cm.*"1 (5 -6 8  p ) ,  w h e re a s  t h e  
t r a n s  i s o m e r  a b s o r b s  a t  1689 cm."’* (5*92 p ) .
When 1—me t h y  1—3—b enz oy 1—Aj—hyd ro xy —Aj—pheny l p i p e r  i d  i n  e 
i s  s u b j e o t e d  t o  t h e  a c t i o n  o f  Ij.8$ h y d ro b ro m ic  a c i d  a t  th e  
r e f l u x  t e m p e r a t u r e ,  2—m e th y l—9—p h e n y l—2 , 3 —d i h y d r o —lfl—i n d e n o -  





P l a t i  and Wanner d e v i s e d  a n o t h e r  method f o r  t h e  
s y n t h e s i s  o f  i n d e n o p y r i d i n e s . By t h i s  method t h e y  hoped t h a t  
t h e y  would be a b l e  t o  p r e p a r e  a l a r g e r  number o f  d e r i v a t i v e s .  
Prom t h e  r e a c t i o n  o f  pheny lm agnes ium  b ro m id e  w i t h  a r e c o l i n e  
a t  —10° t h e  two r a c e m a t e s  o f  m e th y l  1—m e t h y l - V - p h e n y l n i p e c o -  
t a t e  were  s e p a r a t e d  and i s o l a t e d .  T h i s  p r o d u c t  r e s u l t e d  
f rom  t h e  c o n j u g a t e  a d d i t i o n  o f  one mole  o f  t h e  G r i g n a r d  r e ­
a g e n t  t o  t h e  cC, p —u n s a t u r a t e d  e s t e r  l i n k a g e .  H y d r o l y s i s  
o f  t h e  e s t e r s  gav e  t h e  c o r r e s p o n d i n g  a c i d s .  B o th  o f  t h e  
s t e r e o i s o m e r i c  a c i d s  were  c o n v e r t e d  by means o f  t h i o n y l  
c h l o r i d e  i n t o  t h e i r  r e s p e c t i v e  a c i d  c h l o r i d e s  w h ic h  were  t h e n  
c y c l i z e d  by means o f  a luminum c h l o r i d e  i n  t e t r a c h l o r o e t h a n e . 
The same k e t o —i n d e n o p y r i d i n e  was o b t a i n e d  f rom  e i t h e r  r a c e — 
m ate  .
I t  was o f  i n t e r e s t  t o  t h i s  L a b o r a t o r y  t o  d e t e r m i n e  
t h e  e f f e c t ,  i f  a n y ,  o f  t h e  l o c a t i o n  o f  t h e  h e t e r o c y c l i c  
n i t r o g e n  on t h e  k e t o n i z a t i o n  p r o c e s s  o f  t h e  e n o l  fo rm ed  d u r i n g  
t h e  G r i g n a r d  r e a c t i o n ,  and t o  compare  t h e  r e s u l t s  w i t h  t h o s e  
r e p o r t e d  by Z a u g g ^  and P l a t i  and W e n n e r ^  i n  t h e  i s o m e r i c  
3—s u b s t i t u t e d  s e r i e s .  When t h e  p r e s e n t  i n v e s t i g a t i o n  was 
u n d e r t a k e n ,  i t  was f a i r l y  c e r t a i n  t h a t  o n l y  one p r o d u c t  c o u ld
7 .
be I s o la t e d  from th e  G rignard r e a o t io n .  Our im m ediate g o a l  
was to  e s t a b l i s h  th e  s te r e o c h e m is tr y  o f  lw n e th y l—3—pheny 1-Jji— 
b e n z o y lp ip e r id in e  ( I I I )  and to  s tu d y  th e  r e a c t io n s  o f  I I I  
and i t s  d e r iv a t iv e s  com paring them to  th e  r e a c t io n s  o f  1— 
m ethyl—ijj-phenyl—3 -t> ® n z o y lp ip e r id in e .
DISCUSSION
T h is  r e s e a r c h  r e q u i r e d  t h e  p r e p a r a t i o n  o f  m e th y l  1— 
m e th y l—1 , 2 , 3 , & - t e t r a h y d r o i s o n i o o t i n a t e  ( I I )  a s  t h e  m a j o r  
i n t e r m e d i a t e  i n  t h i s  s t u d y ;  h o w e v e r ,  t h e  s y n t h e s i s  o f  s e v e r a l  
o t h e r  1 , 2 , 3 » 6 —t e t r a h y d r o p y r i d i n e s  were  a l s o  r e q u i r e d .  These  
p r e p a r a t i o n s  u l t i m a t e l y  n e c e s s i t a t e d  t h e  p r e p a r a t i o n  o f  a 
number  o f  s u b s t i t u t e d  p y r i d i n e  q u a t e r n a r y  s a l t s  w h ich  a r e  
r e d u c e d  more r e a d i l y  t h a n  t h e  p y r l d i n e s  and a r e  t h e  m ost  
s a t i s f a c t o r y  i n t e r m e d i a t e s  f o r  t h e  s y n t h e s i s  o f  p a r t i a l l y  
r e d u c e d  p y r l d i n e s .
P r e p a r a t i o n  o f  q u a t e r n a r y  s a l t s . — The ^—s u b s t i t u t e d  
and  3 , I|.—d i s u b s t i t u t e d  p y r i d i n e  q u a t e r n a r y  s a l t s  u se d  i n  t h i s  
i n v e s t i g a t i o n  were  p r e p a r e d  by s t a n d a r d  p r o c e d u r e s .  The 
p r e p a r a t i o n  o f  q u a t e r n a r y  s a l t s  o f  p y r l d i n e s  c o n t a i n i n g  a n  
e l e c t r o n - w i t h d r a w i n g  g r o u p  s u c h  a s  —CN o r  —COPh i n  t h e  3— 
p o s i t i o n  was more d i f f i c u l t  t h a n  p y r i d l n e s  w i t h  t h e s e  same 
g r o u p s  i n  t h e  i|—p o s i t i o n .  Whereas t h e  m eth o b rom id e  and t h e  
m e t h i o d i d e  o f  i s o n i c o t i n o n i t r i l e  p r e c i p i t a t e d  i n  y i e l d s  o f  
85$ and 80$ ,  r e s p e c t i v e l y ,  and t h e  m e t h i o d i d e  o f  1|—b e n z o y l — 
p y r i d i n e  p r e c i p i t a t e d  i n  88$ y i e l d ,  t h e  q u a t e r n a r y  s a l t s  o f  
t h e  3—s u b s t i t u t e d  p y r l d i n e s  c a n  be o b t a i n e d  i n  y i e l d s  o f  o n ly  
5 0 - 6 0 $  e v en  w i t h  p r o l o n g e d  r e a c t i o n  t i m e s .
The m ethobrom ide  o f  3 - ^ h e n y l - i i i - b e n z o y l p y r i d i n o  (XX) 
was p r e p a r e d  i n  60$ y i e l d  by s a t u r a t i n g  a s o l u t i o n  o f  t h e  
p y r i d i n e  i n  m e t h a n o l  w i t h  m e t h y l  b r o m id e ,  a l l o w i n g  t h e
9 .
s o l u t i o n  t o  s t a n d  o v e r n i g h t  and c o n c e n t r a t i n g  t h e  s o l u t i o n  
t o  o b t a i n  t h e  c r y s t a l l i n e  s a l t  i n  30$  y i e l d .  R e p e t i t i o n  o f  
t h i s  p r o c e s s  gave  an  a d d i t i o n a l  30% o f  t h e  m e th o b ro m id e .
T h i s  q u a t e m i z a t i o n  p r o c e s s  i s  n o t  c o m p a ra b le  t o  th e  q u a t e r -
('n i z a t i o n  o f  3—b e n z o y 1 -4 —p h e n y I p y r i d i n e  c a r r i e d  o u t  by N e l so n  
who r e p o r t e d  80—90$ y i e l d s  o f  t h e  q u a t e r n a r y  s a l t .  I t  seemed 
d e s i r a b l e ,  t h e r e f o r e ,  t o  somehow c i r c u m v e n t  t h i s  p a r t i c u l a r  
q u a t e r n i z a t i o n  p r o c e s s .  3 - ’Phenyl-J4—b e n z o y l p y r i d i n e  (XX), 
wlj ich was o b t a i n e d  i n  57$ y i e l d  f rom  t h e  s u l f u r  d e h y d ro — 
g e n a t i o n  o f  1—m e th y l—3—phenyI-J4—b e n z o y l p i p e r i d i n e  ( I I I ) ,  was 
r e d u c e d  w i t h  sodium b o r o h y d r i d e  t o  g i v e  3—p h e n y l —4—p y r i d y i — 
p h e n y l  c a r b i n o l  (X X II I )  i n  80$ y i e l d .  A l lo w in g  a s o l u t i o n  o f  
X X II I  i n  a c e t o n e  s a t u r a t e d  w i t h  m e t h y l  b rom ide  t o  s t a n d  f o r  
one h o u r  c a u s e d  t h e  p r e c i p i t a t i o n  o f  t h e  m ethobrom ide  o f  
X X III  i n  93$ y i e l d .
P r e p a r a t i o n  o f  t e t r a h y d r o p y r i d i n e s .— T e t r a h y d r o —
p y r l d i n e s  h a v e  b e en  p r e p a r e d  i n  a v a r i e t y  o f  ways .  C e r t a i n
(10b)
c y c l i z a t i o n  r e a c t i o n s ,  su c h  a s  t h e  Mannich and H a n tz s c h
s y n t h e s e s ) t l e a d  d i r e c t l y  t o  t e t r a h y d r o p y r i d i n e s  o r  t o
p i p e r i d o l s  w h ich  c a n  be d e h y d r a t e d  e a s i l y  t o  t e t r a h y d r o —
p y r l d i n e s .  The r e d u c t i o n s  o f  p y r l d i n e s  by sodium i n  a l c o h o l ^ )
(5)and o f  p y r l d i n i u m  s a l t s  by h y d r o g e n  o v e r  Adams1 c a t a l y s t  ^ 
h a v e  b e en  shown t o  p r o d u c e  t e t r a h y d r o p y r i d i n e s  b u t  a r e  n o t  
t h e  b e s t  m e th o d s  a v a i l a b l e .  The method whioh  i s  m ost  ex­
t e n s i v e l y  u se d  i n  t h e  p r o d u c t i o n  o f  t e t r a h y d r o  d e r i v a t i v e s  
i s  t h e  r e d u c t i o n  o f  p y r i d i n e  q u a t e r n a r y  s a l t s  by sodium o r  
p o t a s s i u m  b o r o h y d r i d e ^ 0®^. I t  h a s  b e e n  e s t a b l i s h e d  by
1 0 .
P a n o u s e ^ 0* ^ , by L e o n a rd  and by L y l e ^ )  t h a t  t h e  r e d u c ­
t i o n  o f  t h e  m e t h i o d i d e s  o f  p y r i d i n e  d e r i v a t i v e s  w i t h  sodium 
o r  p o t a s s i u m  b o r o h y d r i d e  g i v e s  X -m ethy l—1 , 2 , 3 , 6—t e t r a h y d r o -  
p y r i d i n e s  i n  good y i e l d s ( 10a ,  1 1 ) an(j t h a t  t h e  d o u b l e  bond i s  
i n  t h e  3 , i i—p o s i t i o n ^ ? ) . R e c e n t l y ,  h o w e v e r ,  S c h e n k e r  and 
D r u e y d ^ )  showed t h a t  t h e  r e d u c t i o n  o f  t h e  m e t h i o d i d e  o f  
n i c o t i n o n i t r i l e  by sodium b o r o h y d r i d e  gave  1—m e th y l—1 , 2 , 5 , 6— 
t e t r a h y d r o n i c o t i n o n i t r i l e  and 1—m e t h y l —1 , 6—d i h y d r o n i c o t i n o — 
n i t r i l e  i n  e q u a l  a m o u n ts .  U s ing  th e  method o f  L y l e ,  e t  a l ^ ) ,  
m e t h y l  1—m e th y l—1 , 2 , 3 , k—t e t r a h y d r o i s o n i c o t i n a t e  ( I I )  was ob­
t a i n e d  i n  70—75# y i e l d  f rom t h e  m e t h i o d i d e  o f  m e th y l  i s o n i c o — 
t i n a t e  ( I ) .
I n  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n  i t  seemed d e s i r a b l e  
t o  s t u d y  t h e  r e a c t i o n  o f  p h eny lm agnes ium  b ro m id e  w i t h  1- m e t h y l — 
1 , 2 , 3 , 6—t e t r a h y d r o i s o n i c o t i n o n i t r i l e  (XXIX) a s  a p o s s i b l e  
method f o r  t h e  s y n t h e s i s  o f  t h e  s t e r e o i s o m e r i c  1—m e th y l—3— 
p h e n y l —{4—b e n z o y l p i p e r i d i n e . The o n l y  f e a s i b l e  r o u t e  t o  t h i s  
t e t r a h y d r o  d e r i v a t i v e  seemed t o  be t h e  r e d u c t i o n  o f  t h e  metho— 
brom ide  o f  I s o n i c o t i n o n i t r i l e  by sodium b o r o h y d r i d e .  A y e l l o w  
o i l ,  w h ich  decomposed r a p i d l y ,  was o b t a i n e d .  I n f r a r e d  a n a l y s i s  
o f  t h i s  o i l  showed weak n i t r i l e  a b s o r p t i o n  a t  2230  cm.- '1 , 
medium n i t r i l e  a b s o r p t i o n  a t  2215 cm.- 1 , s t r o n g  C = C a b s o r p ­
t i o n  a t  I 6I4.2 om.—1 and medium a b s o r p t i o n  a t  1592 cm."- 1 . Due 
t o  t h e  f a c t  t h a t  t h e  c o m p o s i t i o n  o f  t h e  p r o d u c t  o b t a i n e d  f rom 
t h i s  r e a c t i o n  was u n c e r t a i n  and t h e  y i e l d  o f  k e t o n i c  m a t e r i a l  
f rom  i t s  s u b s e q u e n t  r e a c t i o n  w i t h  ph en y lm ag n es iu m  b rom id e  was
1 1 .
v e r y  p o o r ,  t h i s  p a r t i c u l a r  r e a c t i o n  scheme was n o t  i n v e s t i ­
g a t e d  f u r t h e r .
As a n o t h e r  p o s s i b l e  method f o r  t h e  p r e p a r a t i o n  o f  t h e  
c i s — and t  r a  n s—1—me t h y  1—3—p h e n y l—Ai—benz  o y l p l p e r  i d  l n e  a . t h e  
r e a c t i o n  o f  pheny lm agnes ium  b ro m id e  w i t h  1—m e th y l—1 , 2 , 3 , 6 — 
t e t r a h y d r o p y r i d y l p h e n y l  k e to n e  (XXXIII) i n  t h e  p r e s e n c e  o f  
c u p r o u s  c h l o r i d e  was e x p l o r e d .  The p r e p a r a t i o n  o f  XXXIII was 
a c c o m p l i s h e d  by t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  1—m e t h y l — 
b e n z o y l p y r i d i n i u m  brom ide  (XXXI) and s u b s e q u e n t  o x i d a t i o n  o f  
t h e  t e t r a h y d r o a l o o h o l  t o  XXXIII . The y i e l d  (5O~-60$) o f  1— 
m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o —ij—p y r i d y l p h e n y l  c a r b i n o l  (XXXII) was 
c o m p a ra b le  t o  t h a t  o b t a i n e d  by K e r l i n ^ 3 ) .
I n  t h e  f i n a l  p h a se  o f  t h i s  r e s e a r c h ,  d i f f i c u l t i e s  were 
e n c o u n t e r e d  w i t h  t h e  c a t a l y t i c  h y d r o g e n a t i o n s  o f  1—m e th y l—3—- 
p h e n y l—Aj—b e n z o y l p y r i d i n i u m  b ro m id e  (XXI) and 3—p h e n y l —Aj— 
p y r i d y l p h e n y l  c a r b i n o l  m ethobrom ide  (XXIV). I n  an  a t t e m p t  t o  
c i r c u m v e n t  t h i s  p r o b le m ,  t h e  q u a t e r n a r y  s a l t  XXIV was r e d u c e d  
w ith  sodium borohydride  i n  the  u s u a l  manner t o  g i v e ,  in  QL$ 
y i e l d , 1—m e th y l—3—pheny  1—1, 2 , 5 ,  6—t e t r a h y d r o —J4—p y r i d y l p h e n y l  
o a r b i n o l  (XXV).
R e a c t i o n  o f  phenylmagnesiurn  b ro m id e  w i t h  m e t h y l  1— 
m e th y l—1 . 2 . 3 . 6 —t e t r a h y d r o i s o n l o o t l n a t e  ( I I ) .— The p r e p a r a t i o n  
o f  l -< n e th y l—3—pheny  1-Aj—b e n z o y l p i p e r i d i n e  ( I I I )  by t r e a t m e n t  o f  
I I  w i t h  e x c e s s  pheny lm agnes ium  b ro m id e  a t  room t e m p e r a t u r e  
was e s s e n t i a l l y  t h e  method u se d  by Zaugg (2)  t o  p r e p a r e  1— 
m e th y l—Ajj-pheny 1—3—b e n z o y l p i p e r i d i n e .  The y i e l d  o f  I I I  was 
v e r y  p o o r  (15—30$)  and c o u ld  n o t  be  im p ro v e d ,  I I I  was o b t a i n e d
p u r e  by vacuum d i s t i l l a t i o n  o f  t h e  o i l ( F i g .  1 ) .
I n f r a r e d  a n a l y s i s  o f  t h e  r e m a i n i n g  t a r r y  r e s i d u e  i n ­
d i c a t e d  t h a t  i t  c o n t a i n e d  a t  l e a s t  f o u r  c o m p o n e n ts .  A b s o r p t i o n  
maxima a p p e a r e d  a t  36OO cm.” 1 (B,W), 17^0 cm.” 1 (M), 1710 cm.—* 
and 1683 cm.” 1 ( S ) .  The band a t  3600 cm.” 1 i s  due t o  t h e  d i ­
p h e n y l  c a r b i n o l  (V) w h ic h  r e s u l t s  f rom t h e  r e a c t i o n  o f  e x c e s s  
G r i g n a r d  r e a g e n t  w i t h  I I I .  The i n f r a r e d  s p e c t r u m  o f  a n  
a u t h e n t i c  sam ple  o f  V shows t h e  —OH s t r e t c h i n g  a b s o r p t i o n  a t  
3572 cm.” 1 . The 1 , 14—a d d i t i o n  o f  pheny lm agnes ium  b ro m id e  t o  
t h e  t e t r a h y d r o e s t e r  ( I I )  g i v e s  m e th y l  1—m e t h y l —3—p h e n y l i s o — 
n i p e o o t a t e  ( I V ) ,  t h e  i n f r a r e d  sp e c t r u m  o f  which  h a s  t h e  c a r ­
b o n y l  s t r e t c h i n g  a b s o r p t i o n  a t  17^0 c m . - i .  Thus ,  some IV 
a p p e a r s  t o  be p r e s e n t  i n  t h e  r e s i d u e .  The 1710 cm.” 1 band I s  
a t  t h e  f r e q u e n c y  e x p e c t e d  f o r  t h e  c a r b o n y l  s t r e t c h i n g  o f  t h e  
s t a r t i n g  e s t e r  I I .  The p u r e  k e t o n e ,  I I I ,  a b s o r b s  a t  1678  cm.” 1 
w h ioh  p r o b a b l y  c o r r e s p o n d s  t o  t h e  band a t  I 683  cm.” 1 I n  t h e  
r e s i d u e .  Thus,  t h e  p o o r  i s o l a t e d  y i e l d  o f  I I I  c a n  be a t t r i ­
b u t e d  t o  t h e  f o r m a t i o n  o f  two o t h e r  p r o d u c t s ,  t h e  s a t u r a t e d  
e s t e r  IV and t h e  c a r b i n o l  V, and t h e  d i f f i c u l t y  i n  r e c o v e r i n g  
a l l  o f  I I I  f ro m  t h e  p r o d u c t  m i x t u r e .
The i n i t i a l  p h a s e  o f  t h i s  r e a c t i o n  d e f i n i t e l y  i n v o l v e s  
t h e  c o n j u g a t e  a d d i t i o n  o f  t h e  G r i g n a r d  r e a g e n t  t o  th e  o( — 
u n s a t u r a t e d  e s t e r  I I .  The above  d i s c u s s i o n  on t h e  i n f r a r e d  
a n a l y s i s  o f  t h e  r e s i d u e  s u p p o r t s  t h i s  h y p o t h e s i s .  T h is  i s  
a l s o  s u p p o r t e d  by t h e  work o f  P l a t i  and W a n n e r ^  who o b t a i n e d  






















m e t h y l  1—m e th y l—i j# - p h e n y ln ip e c o ta to  whan a r e c o l i n e  was t r e a t e d  
w i t h  ona mole  o f  -the  G r i g n a r d  r a a g e n t  a t  —1 0 ° .  T h i s  r a s a a r o h  
added  f u r t h e r  s u p p o r t  t o  t h i s  h y p o t h e s i s .  The r e a c t i o n  o f  
pheny lm agnes ium  b ro m ide  w i t h  m a th y l  1 - m e th y l—1 , 2 , 3 > 6 —'t a t r a — 
h y d r o i s o n i c o t i n a t o  ( I I )  a t  —7° g av e  m e t h y l  1 - m e t h y l —3—p h e n y l — 
i s o n i p e c o t a t e  ( IV)  i n  good y i e l d .  The p r o c e d u r e  f o r  t h i s
i k )p r e p a r a t i o n  was e s s e n t i a l l y  t h a t  u se d  by P l a t i  and Wanner 
who i s o l a t e d  b o t h  t h e  c i s  and t r a n s  r a c e m a t e s  o f  m e t h y l  1— 
m e th y l—14—p h o n y I n i p e c o t a t e  f rom  t h e  r e a c t i o n  o f  pheny lm agnes ium  
b ro m ide  w i t h  a r e c o l i n e .  P r o o f  t h a t  o n l y  one s t e r e o i s o m e r i c  
r a c e m a te  o f  IV was o b t a i n e d  i s  e v i d e n t  f rom  t h e  r e a c t i o n s  w i t h  
p h e n y l l i t h i u m ( s e e  p . 1 9 ) .
I n  t h e  se co n d  p h a s e  o f  t h e  r e a c t i o n ,  one mole  o f  t h e  
G r i g n a r d  r e a g e n t  may r e a o t  w i t h  t h e  magnesium e n o l a t e  o f  t h e  
e s t e r ,  IV, by a d i s p l a c e m e n t  o f  t h e  —0CH8 g r o u p i n g  by t h e  
p h e n y l  r a d i c a l  t o  g i v e  t h e  f i n a l  p r o d u c t ,  I I I .  The s t e r e o ­
c h e m i s t r y  o f  IV o r  I I I  would n o t  be d e t e r m i n e d  u n t i l  t h e  




The i n i t i a l  o b j e c t i v e  o f  t h i s  i n v e s t i g a t i o n  was t o  
d e t e r m i n e  t h e  s t e r e o c h e m i s t r y  o f  t h e  k e t o n i c  p r o d u c t  f rom  
t h i s  r e a c t i o n .  B r o m i n a t i o n  and a c i d i c  o r  b a s i c  i s o m e r i z a t i o n  
r e a c t i o n s  were  a n t i c i p a t e d  t o  be  i n s t r u m e n t a l  i n  e s t a b l i s h i n g
1 5 .
t h e  c o r r e c t  s t e r e o c h e m i s t r y .
I t  h a s  b e e n  d e t e r m i n e d  t h a t  t h e  r a t e  o f  b r o m i n a t i o n  
i s  i n d e p e n d e n t  o f  t h e  c o n c e n t r a t i o n  o f  b rom ine  and d e p e n d e n t
m i n a t i o n  p r e s u m a b ly  t a k e s  p l a c e  i n  t h r e e  s t e p s  i n  w h ic h  s t e p  
2 i s  r a t e —d e t e r m i n i n g .
o a r b o n y l  oxy gen .  The a d d i t i o n  o f  t h e  p r o t o n  d i s p l a c e s  t h e  
e l e c t r o n i c  sy s tem  tow ard  t h e  p r o t o n  a n d ,  t h e r e f o r e ,  away f rom  
t h e  od —c a r b o n .  T h i s  r e s u l t s  i n  t h e  f a c i l e  d i s s o c i a t i o n  o f  
t h e  p r o t o n  f rom  t h e  o( —c a r b o n .  The r a t e —d e t e r m i n i n g  s t e p  i s
These  c o n s i d e r a t i o n s  would a l s o  a p p l y  f o r  t h e  e p i m e r i z a t i o n  
o f  t h e  k e t o n e ,  s i n c e  t h e  f o r m a t i o n  o f  t h e  e n o l  i s  r e q u i r e d  
f o r  t h i s  r e a c t i o n  a l s o .
The b r o m i n a t i o n  r e a c t i o n s  w ere  c a r r i e d  o u t  i n  o h l o r o —
form  and g l a c i a l  a c e t i o  a c i d  a t  room t e m p e r a t u r e  and a t  r e ­
f l u x  t e m p e r a t u r e s .  These  r e a c t i o n s  l e d  o n ly  t o  t h e  r e c o v e r y  
o f  t h e  s t a r t i n g  m a t e r i a l .
The brom ination o f  I I I  was a cco m p lish ed  u s in g  r a d ic a l  
c o n d i t io n s .  When th e  r e a c t io n  m ix tu re  was i l lu m in a te d  f o r  9
on t h e  r a t e  o f  e n o l i z a t i o n ^ 1®^. Thus,  a c i d —o a t a l y z e d  b r o —
0
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R— C -  CHa + A *  R-  C= CHa + HA S t e p  2
R- (1— CHgBr S t e p  3
The f i r s t  s t e p  i s  t h e  a d d i t i o n  o f  a p r o t o n  t o  t h e
(19)t h e  r e m o v a l  o f  t h e  p r o t o n  and the  f o r m a t i o n  o f  t h e  e n o l
16 .
h o u r s  w i t h  an  i n c a n d e s c e n t  lam p,  h y d r o g e n  b ro m id e  waa e v o lv e d  
c o p i o u s l y .  A w h i t e  s o l i d  (XIX) was o b t a i n e d  i n  good y i e l d .  
The e l e m e n t a l  a n a l y s e s  o f  XIX a g r e e d  w i t h  t h o s e  o f  a n  o( — 
b ro m o k e to ne  h y d r o b r o m id e .  The i n f r a r e d  a b s o r p t i o n  s p e c t r u m  
o f  XIX showed s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  1666 cm.*"1 w h ich  
r e p r e s e n t s  a s h i f t  o f  —lip cm .*1 f rom  t h e  h y d ro b ro m id e  o f  I I I .  
The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  XIX showed a b s o r p t i o n
The f o r m e r  maximum r e p r e s e n t s  a b a th o c h r o m ic  s h i f t  o f  7 mu w i t h  
a s l i g h t  d e c r e a s e  i n  i n t e n s i t y  compared w i t h  t h e  s p e c t ru m  o f  
I I I ,  and t h e  l a t t e r  r e p r e s e n t s  a b a th o c h r o m ic  s h i f t  o f  lip mu 
w i t h  an  i n c r e a s e  i n  i n t e n s i t y .  A f t e r  n e u t r a l i z a t i o n ,  t h e  
c r y s t a l l i n e  f r e e  b a s e  g a v e  a p o s i t i v e  B e i l s t e i n  t e s t .  The ir>- 
f r a r e d  a b s o r p t i o n  s p e c t r u m  o f  t h e  f r e e  b a s e  showed two b r o a d  
—OH b a n d s  a t  33^0 cm.”’1 and 3380 cm.” 1 , a weak band a t  I6ip2 
cm.” 1 and a medium band  a t  1615 cm.” 1 . The u l t r a v i o l e t  ab­
s o r p t i o n  s p e c t r u m  showed a b s o r p t i o n  a t  X max. 2 3 8  mp (w eak ) ,
X max. 260 mp (weak) and A max. 336 mp (medium).
c a r b o n y l  a b s o r p t i o n  d i s a p p e a r s  and h y d r o x y l  a b s o r p t i o n  a p p e a r s ,  
some o t h e r  r e a c t i o n  m us t  h a v e  o c c u r r e d  d u r i n g  t h e  b r o m i n a t i o n  
o r  t h e  n e u t r a l i z a t i o n  s t e p ,  o r  t h e  c a r b o n y l  i s  i n v o l v e d  i n  a 
t r a n s a n n u l a r  i n t e r a c t i o n  w i t h  t h e  b a s i c  n i t r o g e n .  S in c e  t h e  
a n a l y s i s  o f  t h e  s a l t  a g r e e d  w i t h  t h e  e m p i r i c a l  f o r m u la  
C19Ha l B rs N0, i t  i s  f a i r l y  c e r t a i n  t h a t  t h e  s t r u c t u r e  o f  XIX 
i s  XlXa.
max.  252 mp ( l o g £  3 * c 2) and a t  \ m a x .  33k rap ( l ° g £  3*25)
S i n c e  upon  c o n v e r s i o n  o f  XIX i n t o  t h e  f r e e  b a s e  th e
Upon n e u t r a l i z a t i o n  o f  XlXa, any number o f  r e a c t i o n s  
c o u ld  o c c u r ,  b u t  t h e  f o r m a t i o n  o f  su ch  s e c o n d a r y  r e a c t i o n  
p r o d u c t s  a s  epoxy a l c o h o l ,  ol t  ^ —u n s a t u r a t e d  k e t o n e ,  c a r w  
b o x y l i o  a c i d ,  h y d ro x y  k e t o n e  i s  d i s p r o v e d  by t h e  p r e s e n c e  o f  
h a l o g e n  i n  t h e  b a s e  and by i n s p e c t i o n  o f  th e  i n f r a r e d  and 
u l t r a v i o l e t  s p e c t r a  o f  t h e  f r e e  b a s e .  One o t h e r  p o s s i b i l i t y  
w h ic h  i s  s u g g e s t e d  by t h e  i n f r a r e d  sp e c t ru m  i s  t h e  t r a n s — 
a n n u l a r  i n t e r a c t i o n  b e tw e e n  t h e  c a r b o n y l  and t h e  n i t r o g e n .  
L eo n a rd  h a s  i n v e s t i g a t e d  t h e  p r o p e r t i e s  o f  c y c l i c  amino— 
k e t o n e s  and a m i n o a c y l o i n s  (*+3—ij-5), an(j h a found  t h a t  in d e e d  
t h e r e  was i n t e r a c t i o n  b e tw e e n  n i t r o g e n  and c a r b o n y l  i n  some 
medium—s i z e d  r i n g  compounds.
The e p i m e r i z a t i o n  o f  I I I  was a t t e m p t e d  u s i n g  b o t h  
a c i d i c  and b a s i c  c o n d i t i o n s .  The h yd ro b ro m id e  o f  I I I  was 
r e c o v e r e d  unchanged  a f t e r  t r e a t m e n t  w i t h  r e f l u x i n g  h y d r o -  
b rom ic  a c i d  f o r  se v en  h o u r s .  H e a t in g  a s o l u t i o n  o f  I I I  i n  
v i n y l  a c e t a t e  and a t r a c e  o f  s u l f u r i c  a c i d  f o r  t h r e e  h o u r s  
l e d  t o  t h e  r e c o v e r y  o f  I I I .  T r e a tm e n t  w i t h  sodium e t h o x i d e  
i n  r e f l u x i n g  95% e t h a n o l  o r  w i t h  sodium h y d r i d e  i n  r e f l u x i n g
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x y l e n e  d i d  n o t  a f f e c t  I I I .  E v i d e n t l y ,  th® a n o l  o f  I I I  I s  
v a r y  r e s i s t a n t  t o  f o r m a t i o n .  These  f a c t s  a l o n e  s u g g e s t  t h a t  
t h e  o( —h y d r o g e n  i s  a x i a l .
I n  a s i x —membered r i n g  s y s te m ,  an  a x i a l  p o s i t i o n  i s
more h i n d e r e d  s t e r i c a l l y  t h a n  an  e q u a t o r i a l  o n e .  Thus,  i f  
I I I  i s  t h e  t r a n s  i s o m e r  w i t h  t h e  p h e n y l  and b e n z o y l  g r o u p s  
e q u a t o r i a l ,  t h e  —h y d r o g e n  i s  a x i a l l y —o r i e n t e d . A b a s i c  
r e a g e n t  ( e . g .  A")  would be h i n d e r e d  i n  i t s  a p p r o a c h  t o  t h e  
c^—h y d r o g e n ,  and s i n c e  t h e  r e m o v a l  o f  t h e  p r o t o n  t o  fo rm  
t h e  e n o l  i s  t h e  r a t e —d e t e r m i n i n g  s t e p ,  t h e  e x t e n t  o f  eno— 
l i z a t i o n  would be n e g l i g i b l e ^ 9 )  .
i s o m e r i z a t i o n  s t u d i e s  seem t o  i n d i c a t e  t h a t  I I I  i s  t h e  t r a n s  
i s o m e r  i n  w h ic h  b o t h  t h e  p h e n y l  and t h e  b e n z o y l  s u b s t i t u e n t s  
a r e  e q u a t o r i a l ,  w h e re a s  t h e  b r o m i n a t i o n  u n d e r  d r a s t i c  con­
d i t i o n s  s u g g e s t s  p o s s i b l y  t h a t  i t  i s  c i s .
The f o r m a t i o n  o f  t h e  t h e r m o d y n a m i c a l l y  more  s t a b l e  
t r a n s  k e t o n e  a s  t h e  s o l e  p r o d u c t  c a n  bo r a t i o n a l i z e d .  Zin>-
fo rm s  on h y d r o l y s i s  o f  t h e  G r i g n a r d  r e a c t i o n  m i x t u r e ,  b e c a u s e  
t h e  p r o t o n  d o n o r  n e c e s s a r y  f o r  t h e  c o n v e r s i o n  o f  t h e  magnesium 
e n o l a t e  ( p r e s e n t  b e f o r e  h y d r o l y s i s )  t o  t h e  k e t o n e  a p p r o a c h e s  
by t h e  l e a s t  h i n d e r e d  r o u t e  ( e q u a t o r i a l ) .  I n  o u r  s y s t e m ,  a s
The combined r e s u l t s  f rom t h e  b r o m i n a t i o n  and
h a s  shown t h a t  £ i s —1—p h e n y l —2—b e n z o y l c y c l o h e x a n emerman
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opposed  t o  t h a t  o f  Zimmerman and o f  Z a u g g ^ ) ^  t h e r e  i s  a 
p r o t o n  d o n o r  i n c o r p o r a t a d  i n  t h a  m o l a c u l a ,  and t h a  n a c a s s a r y  
g e o m e t ry  i s  p r a s a n t  f o r  a n  i n t r a m o l a c u l a r  t r a n s f a r .  Thus,  
t h a  amino g ro u p  c o u ld  ba h y d r a t a d  i n  w a t a r  o r ,  p a r h a p s ,  p r o — 
t o n a t a d  i n  ammonium c h l o r i d e  o r  a c i d ,  and i f  t h a  m o la c u l a  
s h i f t e d  i n t o  t h e  b o a t  fo rm  w i t h  t h e  p h e n y l  s u b s t i t u e n t  i n  t h a  
p s e u d o - a q u a t o r i a l  c o n f o r m a t i o n ,  t h e  t r a n s f e r  c o u ld  o c c u r  t o  
g i v e  t h a  t h e r m o d y n a m i c a l l y  more s t a b l e  t r a n s  i s o m e r  ( P i g .  2 ) .  
T h is  i n t r a m o l e c u l a r  p r o t o n  t r a n s f e r  c o u ld  n o t  o c c u r  w i t h  t h e  
o t h e r  compounds s t u d i e d ^ .
I n  o r d e r  t o  t e s t  t h a  h y p o t h e s i s  t h a t  t h e  e l a c t r o n  
p a i r  o f  t h e  n i t r o g e n  i s  a c t u a l l y  i n v o l v e d  d u r i n g  t h e  h y d r o l y ­
s i s  o f  t h e  G r i g n a r d  r e a c t i o n ,  a G r i g n a r d  r e a c t i o n  w i t h  t h a  
m e t h i o d i d e  o f  m e t h y l  1 - m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o i s o n i c o t i n a t e  
was a t t e m p t e d ,  b u t  due t o  t h e  i n s o l u b i l i t y  o f  t h e  q u a t e r n a r y  
s a l t  i n  a t h a r  no r e a c t i o n  o c c u r r e d .  S i n c e  th a  e l e c t r o n  p a i r  
i n  t h e  s a l t  would n o t  h a v e  been  a v a i l a b l e  f o r  a t r a n s a n n u l a r  
i n t e r a c t i o n ,  t h e  p r o d u c t  was a n t i c i p a t e d  to  be t h e  s a l t  o f  t h e  
i s o m e r i c  1 - m e th y l—3—p h a n y l— b e n z o y l p i p e r i d i n a .
A l s o ,  t o  t e s t  t h i s  h y p o t h e s i s ,  t h e  p o s s i b l e  f o r m a t i o n  
o f  t h e  second  i s o m e r i c  k e to n e  was i n v e s t i g a t e d .  A m a t e r i a l  
b a l a n c e  was s o u g h t  t o  d e t e r m i n e  t h e  maximum amount o f  t h e  
k e t o n e ,  m .p .  1 0 7 ° ,  w h ich  was f o r m e d .  The r e a c t i o n s  w h ic h  were  
c r u c i a l  i n  c h e c k i n g  t h i s  p o i n t  w e r e :
1) The r e a c t i o n  o f  p h e n y l l i t h i u r a  w i t h  t h e  c ru d e  
G r i g n a r d  r e a c t i o n  m i x t u r e  t o  g i v e  1—m e th y l—3—p h e n y l—4—p i p e r i — 
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2) The r e a c t io n  o f  p h e n y llith iu m  w ith  pure 1—m eth yl— 
3—phony 1—Aj—b e n z o y lp ip e r id in e  ( I I I )  to  g iv e  V in  80% y i e l d .
3 ) Tha r a a o t io n  o f  p h e n y llith iu m  w ith  pure m eth yl 
1—m eth yl—3—p h e n y lis o n ip e c o ta ta  (IV ) to  g iv a  V in  80% y i a l d .
S i n c a  a l l  t h a  above  r e a c t i o n  gav a  t h a  sama i a o m e r  o f  
t h a  o a r b i n o l  V, I I I  and IV m ust  h a v a  t h a  aama c o n f i g u r a t i o n ,  
and any  a t e r e o c h e m i c a l  i n f o r m a t i o n  o b t a i n a d  f rom ona muat ba 
a p p l i c a b l e  t o  t h e  o t h e r .  Thua,  i t  i a  q u i t e  c e r t a i n  t h a t  o n ly  
one i3 o m e r  o f  1—m e t h y l —3—p h e n y l —^ —b e n z o y l p i p e r i d i n e  i 3  formed 
i n  t h e  G r i g n a r d  r a a c t i o n .
S i n c e  t h e  b r o m l n a t i o n  and e p i m e r i z a t i o n  r e a c t i o n a  
w i t h  I I I  w ere  u n a u c c e a a f u l ,  i t  aaemed d e a i r a b l e  t o  d e a t r o y  
one o f  t h e  c e n t e r a  o f  aaym r .e t ry  and t h e n  i n t r o d u c e  i t  a g a i n  
by a r e a c t i o n  whoae s t e r e o c h e m i c a l  r e q u i r e m e n t a  a r e  known.



































The d e h y d r a t i o n  o f  1—m e t h y l —3—p h e n y l - 4 —p i p e r i d y l d i — 
p h e n y l  c a r b i n o l  (V) u s i n g  h y d ro b ro m ic  a o i d  and g l a c i a l  
a c e t i c  a c i d  p r o c e e d e d  s m o o th ly  i n  \+5c/° y i e l d  t o  g i v e  1—m e th y l— 
3—p h e n y l— p i p e r i d y l i d e n e d i p h e n y l  m ethane  ( V I ) . The i n f r a r e d  
a b s o r p t i o n  s p e c t r u m  showed no —OH s t r e t c h i n g  a b s o r p t i o n  and a 
weak band a t  1616 cm.’"1 . I n  th e  u l t r a v i o l e t  r e g i o n  a n  ab­
s o r p t i o n  maximum was o b s e r v e d  a t  238 mp ( l o g  £ l j . ,18) .  L y le  
( 2 2 )9 t  a l '  ' r e p o r t e d  t h a t  b e n z h y d r y l i d e n e c y c l o h e x a n e  showed an  
a b s o r p t i o n  maximum a t  21)6 mp ( l o g  € I)..1 7 ) .  2—B e n z h y d r y l i d e n e —
c y c l o h e x a n o l  e x h i b i t s  one a b s o r p t i o n  maximum a t  2l\.0 mp ( l o g £  
i)..1 2 ) ^ ^ .  h y p so c h ro m ic  s h i f t  o f  6 mp a s  compared w i t h
b e n z h y d r y l i d e n e c y c l o h e x a n e  c a n  be e x p l a i n e d  i n  t e rm s  o f  s t e r i c  
i n t e r f e r e n c e  o f  t h e  —OH g ro u p  w i t h  t h e  c o p l a n a r i t y  o f  t h e  
b e n ze n e  r i n g s  w i t h  t h e  d o u b le  bond .  I f  t h e  s t r u c t u r e  o f  VI 
i s  t h e  one w i t h  t h e  e x o c y c l i c  d o u b le  b on d ,  t h e n  s t e r i c  i n t e r ­
f e r e n c e  o f  t h e  3—p h e n y l  s u b s t i t u e n t  w i t h  t h e  b e n z h y d r y l  sy s te m  
s h o u ld  c a u s e  e i t h e r  a h y p so c h ro m ic  o r  a hypoch rom ic  s h i f t ,  o r  
b o t h ^ ^  . Thus,  t h e  h y p so c h ro m ic  s h i f t  o f  8 mp o b s e r v e d  w i t h  
VI a s  compared w i t h  b e n z h y d r y l i d e n e c y c l o h e x a n e  seems t o  v e r i f y  
t h e  a s s i g n m e n t  o f  th e  e x o c y c l i c  d o u b le  bond t o  VI.  I f  th e  
s t r u c t u r e  o f  VI had b een  t h e  one w i t h  th e  e n d o c y c l i c  d o u b le  
bond ,  I t  would be a n a l o g o u s  t o  a s u b s t i t u t e d  1—p h e n y l c y c l o — 
h e x e n e .  A s t u d y  o f  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  o f  t h e  
p h e n y l c y c l o h e x e n e 3  r e v e a l e d  t h a t  m e t h y l  g r o u p s  s u b s t i t u t e d  I n  
e i t h e r  r i n g  d i m i n i s h e d  t h e  a b s o r p t i o n  band i n  t h e  u l t r a v i o l e t  
w h ic h  i s  a s s o c i a t e d  w i t h  c o n j u g a t i o n  o f  s i d e —c h a i n  u n s a t u r a t i o n  
w i t h  t h a t  o f  t h e  a r o m a t i c  r i n g ^ ^ .  The o b s e r v a t i o n s  o f  t h e
23 .
a f f e c t s  o f  m e t h y l  s u b s t i t u t i o n  on t h e  s p e c t r a  o f  t h e  p h e n y l — 
c y c l o h e x e n e s  h a v e  b een  e x p l a i n e d  I n  t e rm s  o f  s t e r i c  I n t e r ­
f e r e n c e  by t h e  m e t h y l s  w i t h  t h e  c o p l a n a r i t y  o f  t h e  e t h y l e n i c  
sy s te m  w i t h  t h a  a r o m a t i c  r i n g .  S in c e  t h e  b u lk y  b e n z h y d r y l  
g ro u p  would f o r c e  t h e  3—p h e n y l  s u b s t i t u e n t  o u t  o f  c o p l a n a r i t y  
w i t h  t h e  d o u b le  bond ,  t h e  u l t r a v i o l e t  s p e c t r u m  o f  VI sh o u ld  
a p p r o a c h  t h a t  o f  a n on —c o n j u g a t e d  be n ze n e  r i n g .
In  v iew  o f  th e  f a i l u r e  t o  e f f e c t  h y d r o g e n a t i o n  o f  1— 
m e th y l—3—p h e n y l —1 , 2 , 5 ,  6—t e t r a  hydro-4;.—p y r i d y l p h e n y l  c a r b i n o l  
(XXV)(see b e l o w ) ,  t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  VI was n o t  
a t t e m p t e d .  I n  o r d e r  t o  a v o id  t h e  p ro b le m s  o f  s t e r i c  h i n d r a n c e  
i n  t h e  h y d r o g e n a t i o n ,  t h e  second  a p p r o a c h  was a t t e m p t e d .
In  t h e  second  a p p r o a c h ,  m e t h y l  .1—m eth y 1—3—p h e n y l i s o n I — 
p e c o t a t e  (IV) was r e d u c e d  w i t h  l i t h i u m  aluminum h y d r i d e  t o  
g i v e  l -< n e th y l—3—p h e n y l— p i p e r i d i n e  m e th a n o l  a s  a t h i c k  o i l  
whose i n f r a r e d  a b s o r p t i o n  s p e c t r u m  showed b r o a d ,  medium 
h y d r o x y l  a b s o r p t i o n  a t  3 4^-10 cm.”"1 and no c a r b o n y l  a b s o r p t i o n .  
A l l  a t t e m p t s  t o  c r y s t a l l i z e  t h e  o i l  f a i l e d ,  b u t  t h e  h y d r o c h l o ­
r i d e  was o b t a i n e d  83 a s o l i d .  The e l e m e n t a l  a n a l y s i s  d id  n o t  
a g r e e  w i t h  t h e  s t r u c t u r e  XVII;  h o w e v e r ,  t h e  r e a c t i o n  o f  t h i o n y l  
c h l o r i d e  w i t h  t h e  h y d r o c h l o r i d e  gave  a s o l i d  whose e l e m e n t a l  
a n a l y s i s  a g r e e d  w i t h  t h a t  o f  s t r u c t u r e  X V II I .  The i n f r a r e d  
a b s o r p t i o n  s p e c t ru m  o f  X V III  showed no h y d r o x y l  a b s o r p t i o n  and 
showed t h e  c h a r a c t e r i s t i c  h y d r c c h l o r i d e  ban d s  i n  t h e  v i c i n i t y  
o f  2500 cm."’1 . The u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  showed 
o n l y  maxima c h a r a c t e r i s t i c  o f  ben ze n e  r i n g s .  The d i s c r e p a n c y  
i n  t h e  a n a l y s i s  o f  t h e  h y d r o c h l o r i d e  f rom t h e  r e d u c t i o n  o f  IV
2k.
m ig h t  h a v e  been  due t o  t h e  p r e s e n c e  o f  i m p u r i t i e s  i n  t h e  
a n a l y t i c a l  s a m p le .
The d e h y d r o h a l o g e n a t i o n  o f  XV III  was a t t e m p t e d  u s i n g  
p o t a s s i u m  h y d r o x i d e  i n  a b s o l u t e  e t h a n o l .  A r e d  o i l  was ob—. 
t a i n e d .  I n f r a r e d  a n a l y s i s  o f  t h e  o i l  showed b r o a d ,  medium 
a b s o r p t i o n  a t  3U20 cm.” 1 ( p r o b a b l y  due t o  t h e  p r e s e n c e  o f  a 
t r a c e  o f  e t h a n o l )  and a b r o a d ,  s t r o n g  c a r b o n y l  a b s o p r t i o n  a t  
1670 c m ," 1 . Due to  th e  a p p a r e n t  anom alous  n a t u r e  o f  t h e  
p r o d u c t s  from tx i is  r e a c t i o n  t h i s  p a r t i c u l a r  s e q u e n c e  o f  r e a c t i o n s  
was h a l t e d .
P r e p a r a t i o n  o f  2—roe th y  1—*>-ke t o —1. 2. 3 J i . Ua . 9 b—hexa hyd r o — 
1H—in d e n o  —p y r i d i n e  (X) and d e r i v a t i v e s . I t  was o f
I n t e r e s t  t o  t h i s  l a b o r a t o r y  to  p r e p a r e  X, In  o r d e r  t o  h e l p  
c l a r i f y  t h i s  q u e s t i o n  o f  s t e r e o c h e m i s t r y .  The k e to n e  X h a s
d l
two a sy m m e tr ic  c a r b o n  a tom s a n d ,  t h e r e f o r e ,  c an  e x i s t  a s  2 d l  
p a i r s  o r  a s  a c i s  o r  t r a n s  r a c e m a te ;  t h a t  i s  t o  s a y ,  t h e  r i n g  
j u n c t i o n  be tw ee n  t h e  f i v e —membered r i n g  and t h e  p i p e r i d i n e  
r i n g  can  be c i s  o r  t r a n s  f u s i o n .  I t  h a s  b e e n  d e t e r m i n e d  t h a t  
f o r  a s t r u c t u r e  c o n t a i n i n g  a f iv e -m e m b e re d  r i n g  f u s e d  t o  a 
s ix -m em bered  r i n g  and a k e t o n e  f u n c t i o n  a d j a c e n t  t o  one o f  th e  
f u s e d  c a r b o n  atoms th e  c i s  i s o m e r  i s  more s t a b l e  t h a n  t h e  t r a n s
F o r  e x am ple ,  i t  h a s  b e en  shown f o r  compound S t h a t  r i n g s  A and
25.
(27)B a r a  o i s —f u s e d v . Compound H was r e c o v e r e d  unchanged  
a f t e r  t r e a t m e n t  w i t h  a l k a l i ,  t h u s  p r o v i n g  t h a t  r i n g s  A and 
B a r e  f u s e d  i n  t h e  more s t a b l e  fo rm .
B
Thus,  i t  i s  c e r t a i n  t h a t  X h a s  a c i s  r i n g —f u s i o n .  
S u p p o r t i n g  e v i d e n c e  f o r  t h i s  was o b t a i n e d  f rom a t e s t  run  
o f  t h e  b r o m i n a t i o n  o f  X. S i n c e  h y d r o g e n  b rom ide  was e v o lv e d  
d u r i n g  t h e  r e a c t i o n ,  i t  was assumed t h a t  b r o m i n a t i o n  d id  
o c c u r .  T h is  would n e c e s s i t a t e  t h e  c o n f o r m a t i o n  o f  t h e  h y d ro ­
gen  a l p h a  t o  t h e  k e to n e  t o  be e q u a t o r i a l  and X t o  be th e  
more s t a b l e  c i s  fo rm .
I t  m ig h t  be a rg u e d  t h a t  s i n c e  X u n d o u b t e d l y  h a s  a 
c i s  r i n g —f u s i o n ,  t h e n  m e th y l  1—m e t h y l —3—p h e n y l i s o n i p e c o t a t e  
(IV) m ust  be t h e  c i s —r a c e m a te  and c o n s e q u e n t l y ,  1—m e t h y l —3— 
p h e n y l — b e n z o y l p i p e r i c i i n e  ( I I I )  m ust  be t h e  c i s —r a c e m a t e : 
h o w e v e r ,  P l a t i  and W e n n e r ^ ^  fou nd  t h a t  t h e  same k e t o —in d e n o — 
p y r i d i n e  (XLIV) was o b t a i n e d  f rom  e i t h e r  t h e  c i s - o r  t h e  t r a n s — 
r a c e m a t e  o f  m e th y l  1—m e th y l—ij.—p h e n y l n i p e o o t a t e  . T h is  s u g g e s t s  
t h a t  a t  some t im e  d u r i n g  t h e  c o n v e r s i o n  o f  IV t o  X ( p r o b a b l y  
d u r i n g  t h e  F r i e d e l —C r a f t s  c y c l i z a t i o n )  an I s o m e r i z a t i o n  o f  t h e
26 .





D e r i v a t i v e s  o f  X were  a l s o  o f  i n t e r e s t  w i t h  r e s p e c t  
t o  t h e i r  p h y s i o l o g i c a l  a c t i v i t y .  P l a t i  and Wanner found  
t h a t  some t e t r a h y d r o i n d e n o p y r i d l n e s  o f  t h e  ty p e  shown below 
were  p o t e n t  a n t i —h i s t a m i n e s „ None o f  t h e  d e r i v a t i v e s  o f  X 
e x h i b i t e d  any o u t s t a n d i n g  a c t i v i t y .
■NCH.
Ph
M ethy l  1—m e t h y l —3—p h e n y l i s o n i p e c o t a t e  (IV) was 
h y d r o l y z e d  w i t h  h y d r o c h l o r i c  a c i d  i n  96% y i e l d  t o  t h e  a c i d  
V I I I  w h ic h  was t h e n  c o n v e r t e d  by t h i o n y l  c h l o r i d e  t o  t h e  a c i d  
c h l o r i d e  IX ( P i g .  3)»  IX was c y c l i z e d  by means o f  aluminum 
c h l o r i d e  t o  g i v e  2—m e th y l—5—k e t o —1 , 2 , 3 , k , »9b-4iexahydro—1H- 
in d e n o  [ l , 2 , c ] —p y r i d i n e  (X) i n  bl\.% o v e r a l l  y i e l d  f rom IV.
The i n f r a r e d  a b s o r p t i o n  s p e c t r u m  o f  X e x h i b i t e d  s t r o n g  c a r ­
b o n y l  a b s o r p t i o n  a t  1710 cm.” 1 . Bands o f  medium i n t e n s i t y  
a p p e a r e d  a t  7(32 cm.” 1 , 766  cm.” 1 , 762  cm.” * and 739  cm.” * .
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s t a t e s  t h a t  t h e  a b s e n o e  o f  a band w i t h i n  t h e  r a n g e  700+10 
cm."'1 i s  s t r o n g  e v i d e n c e  f o r  t h e  a b s e n c e  o f  a mono—s u b s t i t u t e d  
b e n z e n e  r i n g .  The sp e c t r u m  o f  X i s  d e v o id  o f  a s t r o n g  band 
i n  t h i s  r e g i o n .  O r tho —d i s u b s t i t u t e d  b en zene  r i n g s  show s t r o n g  
a b s o r p t i o n  i n  t h e  r a n g e  770—735 and som etim es  weak-
a b s o r p t i o n  i n  t h e  r a n g e  723—680 cm.—1 . I t  seems l i k e l y  t h a t  
t h e  medium— s t r o n g  i n t e n s i t y  a b s o r p t i o n  a t  766 cm.""1 and t h e  
weak a b s o r p t i o n  a t  715 c m ." 1 can be a t t r i b u t e d  t o  t h e  p r e s e n c e  
of  an  o r tho—d i s u b s t i t u t e d  benzene  r i n g .
The r e a c t i o n  o f  p h e n y l l i t h i u m  w i t h  X gave  2—m e t h y l —5— 
h y drox y —5—p h e n y l —1 , 2 , 3 , 4 ®  > 9b—h e x a h y d ro —l i ^ i n d e n o  
p y r i d i n e  (XI)  i n  'J2% y i e l d .  The i n f r a r e d  a b s o r p t io x i  sp e c t ru m  
o f  XI showed no b a n d s  i n  t h e  c a r b o n y l  o r  h y d r o x y l  s t r e t c h i n g  
r e g i o n s .  The a b s e n c e  o f  —OH a b s o r p t i o n  i s  p r o b a b l y  due t o  a 
weak m u l l .  The p r e s e n c e  o f  a mono—s u b s t i t u t e d  b en ze n e  r i n g  
was shown by s t r o n g  a b s o r p t i o n  a t  7M+ cm."’1 and 700 cm.*"1 .
Two b a n d s  o f  medium I n t e n s i t y  a p p e a r e d  a t  769  cm.—1 and 752 
cm.—1 , and a v e r y  weak i n t e n s i t y  band a p p e a r e d  a t  720 cm.”"1 . 
The p r e s e n c e  o f  t h e  o r t h o —d i s u b s t i t u t e d  ben ze n e  r i n g  i s  shown 
by one o f  t h e  medium ban d s  and by t h e  band a t  720 cm.—1 . The 
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  showed a b s o r p t i o n  a t  X m ax.
253 mp ( l o g  €  2 . 6 6 ) ,  X m a x .  258 mp ( l o g  € 2 . 8 2 ) ,  X m a x .  265 
mp ( l o g  €  2 . 9 0 )  and Xm a x .  272 mp ( l o g  €  2 . 8 1 ) .  Thi3  a b so r jn -  
t i o n  i s  c h a r a c t e r i s t i c  o f  a non—c o n j u g a t e d  b e n z e n e  r i n g .
U s in g  a m i x t u r e  o f  l\.Q% h y d ro b ro m ic  a c i d  and g l a c i a l  
a c e t i c  a c i d ,  XI was d e h y d r a t e d  t o  2 - m e t h y l —5—p h e n y l—2 , 3 , 9b—
t e t r a h y d r o —l f t - i n d e n o  [jL,2,cTj p y r i d i n e  ( X I I  ) i n  52$  y i e l d .
The i n f r a r e d  a b s o r p t i o n  s p e c t r u m  o f  X I I  showed no a b s o r p t i o n  
i n  t h e  —OH s t r e t c h i n g  r e g i o n .  S h a r p ,  s t r o n g  a b s o r p t i o n  ap­
p e a r e d  a t  775 om.—x , 715  cm.—1! and 70ip cm.*"1- and medium ab­
s o r p t i o n  a p p e a r e d  75^ 4- cmT1 and 7^ 4-5 cm.*"1 . These  bands  ac­
c o u n t  f o r  t h e  p r e s e n c e  o f  b o t h  a mono— and an  o r t h o —d i s u b s t i ­
t u t e d  b en zen e  r i n g .  The u l t r a v i o l e t  a b s o r p t i o n  s p e c t ru m  
showed an  a b s o r p t i o n  maximum a t  265 mp ( l o g  £  J4 .O8 ) and 
s h o u l d e r s  a t  289 mp ( l o g  €  3 . )  and 298 mp ( l o g  € 3 . 1 6 ) .
1 , 2 , 2 , 6 , 6 —p e n t a m e t h y l — hydroxy—ij.—p i p e r i d y l d i p h e n y l  c a r b i n o l  
(XXXIV) u s i n g  v a r i o u s  a c i d  c a t a l y s t s .  W i th  p—t o l u e n e s u l f o n i c  
a c i d  he  fou n d  t h a t  t h e  p r o d u c t  was t h e  i n d e n o p y r i d i n e  XXXV 
w h ic h  h a s  b e en  p o s t u l a t e d  t o  fo rm  v i a  a c y c l o d e h y d r a t i o n  f o l ­
lo w in g  a d e h y d r a t i o n  and a l l y l i o  r e a r r a n g e m e n t .
maximum a t  268  mp ( l o g  €  3 *9 0 ) and s h o u l d e r s  a t  289 mp ( l o g  £  
3 . Ip9 ) and 299 mp ( l o g  6  3 *1 8 )* The s u p e r i m p o s a b i l i t y  o f  th e  
s p e c t r u m  o f  X I I  on t h a t  o f  XXXV c o n f i r m s  C h a u v e t t e ' s  a s s i g n ­
ment  o f  s t r u c t u r e .  The p o s s i b i l i t y  o f  t h e  d o u b le  bond b e i n g
I PI )C h a u v e t t e '  '  s t u d i e d  th e  p i n a c o l  r e a r r a n g e m e n t  o f




1 , 1 , 2 , 3 , 3 —Pen tame th y  1—5—p h e n y l—2,3 ,4 - ,  9b—t e t r a h y d r o —
IB—in d e n o p y r i d i n e  (XXXV) e x h i b i t e d  a n  a b s o r p t i o n
3 0 .
e n d o c y o l i c  t o  t h e  p i p e r i d i n e  r i n g  i s  n o t  a s  l i k e l y ,  s i n c e  
t h i s  would r e q u i r e  t h e  s h i f t i n g  o f  t h e  d o u b l e  bond o u t  o f  
c o n j u g a t i o n  w i t h  two b en ze n e  r i n g s  i n t o  c o n j u g a t i o n  w i t h  
o n ly  one b e n ze n e  r i n g .  E v i d e n t l y ,  t h e  e f f e c t  o f  maximum, 
c o n j u g a t i o n  w i t h  a n  e x o o y c l i c  d o u b le  bond ove rcom es  t h e  
e f f e c t  o f  minimum c o n j u g a t i o n  w i t h  an  e n d o c y c l i c  d o u b l e  bond .
Of i n t e r e s t ,  i n  c o n n e c t i o n  w i t h  t h i s  r e s e a r c h ,  i s  
t h e  work o f  Zanden and De V r i e s ^ - ^ .  They found  t h a t  t h e  
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  1—e t h y l —2—m e th y l—3—p h e n y l — 
in d e n e  (XXXVI) r e s e m b l e s  t h a t  o f  1 , 1 —d i p h e n y l e t h y l e n e ,  where­
a s  t h e  sp e c t ru m  o f  3-~ethyl—2—m e th y l—1—p h e n y l  i n  dene (XXXVII) 





275 1108 €  3 ' 95) - X max! 263 H o s  e  1,-10)
XXXVI XXXVII
Prom t h i s  c o r r e l a t i o n  I t  seems t h a t  t h e  u l t r a v i o l e t  a b s o r p ­
t i o n  s p e c t r u m  o f  t h e  p r o d u c t  o b t a i n e d  f rom  t h e  d e h y d r a t i o n  
o f  XI r e s e m b l e s  t h e  s p e c t r u m  o f  XXXVII.
However,  t h e  a s s i g n m e n t  o f  s t r u c t u r e  X I I  r a t h e r  t h a n
XXXVIII c a n  be o o n f i rm e d  by t h e  work o f  P l a t i  and W anner^-^ -) . 
They r e p o r t e d  t h a t  t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f
XXXIX i n  0 . 1  N h y d r o c h l o r i c  a c i d  showed a maximum a t  267 nyj 
( l o g  £  3 . 9 6 ) ,  w h e re a s  XL showed a maximum a t  260 mu ( l o g  £
31 '
3 . 9 7 ) .  The p r o d u c t  f rom  t h e  d e h y d r a t i o n  o f  XI showed an  ab­







2 , 5—Dime t h y l —5—h yd rox y —1 , 2 , 3 , 4 * > 9 b—hexa h y d ro —lH ~ in— 
deno p y r i d i n e  ( X I I I )  was p r e p a r e d  by t r e a t m e n t  o f  X
w i t h  m e t h y l l i t h i u m .  X I I I  was d e h y d r a t e d  w i t h  ij.8$  h y d ro b ro m ic  
a c i d  and g l a c i a l  a c e t i c  a c i d  t o  g i v e  p r e s u m a b l y ,  2 , 5—d i m e t h y l -  
1 , 2 , 3 ,^4—t e t r a h y d r o —l H - i n d e n o  £ l , 2 , c j  p y r i d i n e  (X L I) .  The 
h y d ro b ro m id e  m e l t e d  a t  235—237° and showed s t r o n g  a b s o r p t i o n  
i n  t h e  i n f r a r e d  r e g i o n  a t  762  cm.- 1 . L e o n e ( 2)+) r e p o r t e d  t h a t ,  
u n d e r  t h e  i n f l u e n c e  o f  b o ro n  t r i f l u o r i d e —a c e t i c  a c i d ,  i|.8$ 
h y d ro b ro m ic  a c i d  o r  32$ s u l f u r i c  a c i d ,  1—m e th y l—A^-hydroxy—^4—-  
p i p e r i d y l p h e n y l m e t h y l  c a r b i n o l  (X LII)  r e a r r a n g e d  and c y c l i z e d  
to  g i v e  t h e  I n d e n o p y r i d i n e  X L I I I  whose p i p e r i d y l  e x o c y c l i c  
d o u b le  bond  m ig h t  i s o m e r i z e  t o  f u r n i s h  t h e  end p r o d u c t ,  XLI. 
The h y d r o b r o m id e  m e l t e d  a t  230°—-2 3 3 ° .  The i n f r a r e d  a b s o r p —
3 2 .
t i o n  a p e o t r a  o f  t h e  two h y d ro b ro m id e a  were  e a a e n t i a l l y  i d e n t i ­
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XLI
R e a c t i o n a  o f  l - ^ n e th y l—3-"Phenyl—Ij.—^ p ip e r ld y l p h e n y l  
c a r b l n o l  ( V I I ) . The r e a c t i o n  acheme i l l u a t r a t e d  be low  was 
a n o t h e r  a e r i e a  p r o p o s e d  t o  ahed aome l i g h t  on t h e  a t e r e o -  























1—M ethy l—3—pheny l-4 |—p i p e r i d y l p h e n y l  c a r b i n o l  (VII)  
was o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d  f rom  t h e  r e d u c t i o n  o f  1— 
m e th y l—3—p h e n y l —Ij—b e n z o y l p i p e  r i d  i n e  ( I I I )  w i t h  l i t h i u m  
aluminum h y d r i d e .  The d e h y d r a t i o n  o f  VII was a t t e m p t e d  u s i n g  
g l a c i a l  a c e t i c —l\.Q% h y d ro b ro m ic  a c i d ,  c o n c e n t r a t e d  s u l f u r i c  
a c i d  and p h o s p h o r o u s  p e n t o x i d e .
Concentrated  s u l f u r i c  a c id  and phosphorous p e n to x id e  
gave e x t e n s i v e  d e c o m p o s i t io n  and i n t r a c t a b l e  o i l s .  The 
g l a c i a l  a c e t i c — hydrobromi c a c id  m ixture  had been  used  
s u c c e s s f u l l y  as a d e h y d ra t in g  a g e n t  s e v e r a l  t im es  during  the  
c o u r se  o f  t h i s  r e s e a r c h .  However, th r e e  d i f f e r e n t  p rod u cts  
have been i s o l a t e d  from th ree  d i f f e r e n t  r e a c t i o n s  o f  VII w i t h  
t h i s  r e a g e n t .
When a m i x t u r e  o f  V II ,  g l a c i a l  a c e t i c  a c i d  and l\.d% 
h y d ro b ro m ic  a c i d  was h e a t e d  a t  100° f o r  f o u r  h o u r s ,  t h e  o n ly  
p r o d u c t  o b t a i n e d  was a c r y s t a l l i n e  s o l i d  XIV, m .p .  209—2 1 1 ° ,  
w h ich  was i n s o l u b l e  i n  e t h e r ,  s o l u b l e  i n  w a t e r  and gave  a 
p o s i t i v e  s i l v e r  n i t r a t e  t e s t .  N e u t r a l i z a t i o n  o f  .XIV did not  
c a u s a  t h e  p r e c i p i t a t i o n  o f  a f r e e  b a s e ,  t h e r e f o r e  i t  was n o t  
a h y d r o b r o m id e .  I t s  i n f r a r e d  a b s o r p t i o n  sp e c t r u m  showed s t r o n g  
b a n d s  a t  3395  cm.""5',  765 cm."*1 , 73U cm.*"1 and 698 cm.*"1 and 
medium i n t e n s i t y  ban ds  a t  2980 cm.""1 , l l i j .0 cm.” 1 , 959  cm.""1 
and 715 cm.""1 . The band a t  3395 cm.” 1 i n d i c a t e s  t h e  p r e s e n c e  
o f  a n  —OH f u n c t i o n .  The ban d s  a p p e a r i n g  be low  800 c m .-*  seem 
t o  s u g g e s t  t h e  p r e s e n c e  o f  s o m e th in g  more com plex  t h a n  a mono- 
s u b s t i t u t e d  benzene  r i n g ,  s i n c e  f o r  t h i s  sy s te m  o n l y  two s t r o n g  
b a n d s  s h o u ld  a p p e a r  i n  t h e  v i c i n i t y  o f  750  cm." 1 and 700 cm .” 1 .
3k-
I n  t h e  u l t r a v i o l e t  s p e c t r u m  a b s o r p t i o n  maxima were  o b s e r v e d
a t  252 mp ( l o g  £  2 . 14.8 ) ,  258 mp ( l o g  €  2 . 5 9 ,  263 mp ( l o g  £
I s t i c  o f  a n o n - c o n j u g a t e d  b enzene  r i n g .
S i n c e  t h e  i n f r a r e d  a b s o r p t i o n  s p e c t ru m  showed i n t e n s e
a b s o r p t i o n  i n  t h e  —OH s t r e t c h i n g  r e g i o n ,  i t  was p o s s i b l e  t h a t
XIV had i n c o r p o r a t e d  an  i s o p r o p y l  a l o o h c l  m o le c u l e  i n t o  i t s
s t r u c t u r e .  XIV had b e en  r e c r y s t a l l i z e d  f rom i s o p r o p y l  a l c o h o l .
A l s o ,  i t s  i n f r a r e d  sp e o t ru m  was d e v o id  o f  t h e  c h a r a c t e r i s t i c
a b s o r p t i o n  o f  a 1—m e t h y l p i p e r i d i n e  i n  t h e  2800—300C cm.—i
r e g i o n .  These  band s  a r e  masked i n  t h e  s p e c t r a  o f  s a l t s  o f
p i p e r i d i n e s .  E l e m e n t a l  a n a l y s e s  a g r e e d  w i t h  t h e  e m p i r i c a l
f o r m u l a ,  Cl e Ha a BrN»Cs He 0 .  A l l  o f  t h i s  e v i d e n c e ,  i n  c o n ju n c ­
t i o n  w i t h  i t s  h i g h  m e l t i n g  p o i n t ,  i t s  s o l u b i l i t y  i n  w a t e r
and i t s  i n s o l u b i l i t y  i n  e t h e r ,  s u g g e s t s  t h a t  XIV i s  p r o b a b l y
a q u a t e r n a r y  s a l t .  I f  t h i s  a s s u m p t io n  were  c o r r e c t ,  t h e n  XIV 
c o u ld  have  a s t r u c t u r e  o f  t h i s  t y p e
I f  t h e  k e t o n e  I I I  and t h e  a l c o h o l  V I I  were  o f  t h e  
c i s  c o n f i g u r a t i o n ,  t h e n  t h e  f o r m a t i o n  o f  t h e  q u a t e r n a r y  s a l t  c an
2 .5 7 )  *nd 269 mp ( l o g  6  2 .1 |2 ) .  T h is  a b s o r p t i o n  i s  c h a r a c t e r i ­
s e  H-OH
CHa
3 5 .










CHOH . Ph 2 . ( CHa ) gCHOH PhCH,
Upon t r e a t m e n t  o f  V I I  w i t h  a c i d ,  t h e  c a rb o n iu m  i o n ,  V i l l a ,  
would be f o r m e d .  I f  t h e  m o le c u le  s h i f t e d  i n t o  t h e  b o a t  fo rm ,  
t h e  l o c a t i o n  o f  t h e  n i t r o g e n  atom and t h e  b e n z y l i c  c a rb o n iu m  
i o n  i s  f a v o r a b l e  f o r  a t r a n s a n n u l a r  i n t e r a c t i o n .  The c a r ­
bonium i o n  c o u ld  t h e n  e a s i l y  u n d e rg o  a n u c l e o p h i l i c  a t t a c k  
by t h e  e l e c t r o n —p a i r  on t h e  n i t r o g e n  a tom t o  form t h e  b i c y c l i c  
q u a t e r n a r y  s a l t .  Examples o f  a s i m i l a r  t y p e  o f  t r a n s a n n u l a r  
r e a c t i o n  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  ( 2 5 , 2 6 ) .
The a t t e m p t e d  d e h y d r a t i o n  o f  V I I  u n d e r  t h e  same con­
d i t i o n s ,  w i t h o u t  t h e  u s e  o f  i s o p r o p y l  a l c o h o l  a t  any  t im e  
d u r i n g  t h e  work—up o f  t h e  r e a c t i o n ,  gave  a s o l i d  p r o d u c t  (XV), 
m .p .  221—22)|° . XV was s o l u b l e  i n  w a t e r ,  i n s o l u b l e  i n  e t h e r
and gave  a p o s i t i v e  s i l v e r  n i t r a t e  t e s t .  As was t h e  c a s e  
w i t h  XIV, XV c o u ld  n o t  be c o n v e r t e d  t o  a f r e e  b a s e .  E l e m e n t a l
3 6 .
a n a l y s i s  agreed  w i t h  th e  e m p i r i c a l  formula Cx#HasBrN* I t s  
i n f r a r e d  a b s o r p t io n  spectrum was i d e n t i c a l  w i t h  t h a t  o f  XIV 
w ith  the  e x c e p t i o n  o f  two bands.  Bands o f  weak—medium in ­
t e n s i t y  appeared a t  1160 cm."1 and 959 cm.—1 in  the  spectrum  
o f  XIV which were, a b s e n t  in  the  spectrum o f  XV. A b so r p t io n  
appeared a t  3395—3^00 cm.—1 f o r  both  compounds. The p r e se n c e  
o f  —OH or —NH in  t h e  s t r u c t u r e  o f  XV c a n  n o t  be e x p l a i n e d .  
Oxygen a n a l y s i s  was n o t  r u n  on e i t h e r  compound. These  r e s u l t s  
a r e  b e s t  e x p l a i n e d  by t h e  b i c y c l i c  q u a t e r n a r y  s a l t  s t r u c t u r e .
The t h i r d  p r o d u c t  which  was o b t a i n e d  from a n  a t t e m p t e d  
d e h y d r a t i o n  o f  V I I  was an  i s o m e r i c  a l c o h o l ,  m .p .  195—1 9 9 ° .
The work—up o f  t h e  r e a c t i o n  m i x t u r e  was t h e  same a s  b e f o r e  
e x c e p t  t h a t ,  upon c o n c e n t r a t i o n c f  t h e  e t h e r ,  a s o l i d ,  XVI, 
p r e c i p i t a t e d .  I t s  i n f r a r e d  a b s o r p t i o n  s p e c t r u m  was i d e n t i c a l  
w i t h  t h a t  o f  V I I  e x c e p t  t h a t  t h e  —OH s t r e t c h i n g  a b s o r p t i o n  
f o r  XVI a p p e a r e d  a t  3150 c m ." 1 , w h e re a s  t h a t  f o r  V I I  a p p e a r e d  
a t  3^20 cm.*"1 . T h e i r  m e l t i n g  p o i n t s  were  s i g n i f i c a n t l y  d i f ­
f e r e n t .  Thus ,  XVI i s  one o f  t h e  o t h e r  r a c e m a t e s  wh ich  I s  
a p i m e r i c  a t  t h e  c a r b i n o l  c a r b o n  a tom .
A t t e m p t s  t o  p r e p a r e  th e  i s o m e r i c  1—me t h y 1— 3—P h e n y l— 
li—b e n z o y l p l p e r i d i n e . In  an  a t t e m p t  t o  p r e p a r e  a m i x t u r e  o f  
t h e  s t e r e o i s o m e r s  o f  1—m e th y l—3—phuanyl—ij—b e n z o y l p i p e r i d i n e ,  
t h r e e  o t h e r  r e a c t i o n  schemes were  p r o p o s e d  and e x p l o r e d .  The 
f i r s t  o f  t h e s e  was t h e  r e a c t i o n  o f  phonyIm agnes ium  b rom id e  
w i t h  1 - m e t h y l —1 , 2 , 3 , 6—t e t r a h y d r o i s o n i o o t i n o n i t r i l e  (XXIX) 
w h ic h  was p r e p a r e d  by t h e  sodium b o r o h y d r i d e  r e d u c t i o n  o f  1—
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m e th y l—it—c y a n o p y r  i d  in ium  brom ide  (X X VIII) ( P i g . !<.). XXVIII 
was p r e p a r e d  i n  85$ y i e l d  f rom  i s o n i c o t i n c n i t r i l a  (XXVII).
Tha r e d u c t i o n  o f  XXVIII w i t h  sodium b o r o h y d r i d e  was 
c a r r l a d  o u t  i n  t h e  u s u a l  m a n n e r . t o  g i v e  an  o i l  i n  10% y i e l d .  
As d i s c u s s e d  e a r l i e r  ( p . 1 0 ) ,  t h e  i n f r a r e d  a b s o r p t i o n  s p e c t r u m  
o f  t h i s  o i l  i n d i c a t e d  t h a t  i t  was a c t u a l l y  a m i x t u r e  o f  a t  
l e a s t  two n i t r i l e s .  A b s o r p t i o n  maxima a p p e a r e d  a t  2i|6 my i n  
t h e  u l t r a v i o l e t  r e g i o n  and a t  397 wy i n  t h e  v i s i b l e  u l t r a ­
v i o l e t  r e g i o n .  I t  was e x p e c t e d  t h a t  XXIX would h a v e  an ab­
s o r p t i o n  maximum a t  210—215 my. due t o  t h e  , (*> —u n s a t u r a t e d  
n i t r i l e  s y s t e m .  I t  i s  e v i d e n t  t h a t  t h e  p r o d u c t  i s  a c t u a l l y  a 
m i x t u r e .  However, t h e  r e a c t i o n  o f  t h e  im pure  p r o d u c t  w i t h  t h e  
G r i g n a r d  r e a g e n t  was c a r r i e d  o u t  anyway.
a l l y  t h e  same a s  t h a t  used  t o  p r e p a r e  1—me t h y  1—3—p h e n y l —i|— 
benzoy]  p i p e r i d i n e  ( I I I ) .  The d a r k  r e d  o i l  which  was o b t a i n e d  
was c o l l e c t e d  i n  two f r a c t i o n s .  The i n f r a r e d  a b s o r p t i o n  s p e c ­
t rum of  t h e  f i r s t  f r a c t i o n  showed a weak n i t r i l e  band a t  22l!) 
cm.""1 , s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  1661 cm.” 1 and c h a r a c t e 2>- 
i s t i c  mono—s u b s t i t u t e d  be n ze n e  a b s o r p t i o n  in  t h e  v i c i n i t y  o f  
750 cm.” 1 and 700 c m ," 1 . The second  f r a c t i o n  showed s h a r p ,  
weak n i t r i l e  a b s o r p t i o n  a t  2210 cm.” 1 , b r o a d ,  s t r o n g  c a r b o n y l  
a b s o r p t i o n  a t  1680 cm.” x and t h e  c h a r a c t e r i s t i c  mono—s u b s t i ­
t u t e d  b en zen e  a b s o r p t i o n .
u n s a t u r a t e d  a ld e h y d e  o r  k e to n e  and 1—m e th y l—3—p h e n y l i s o n i — 
p e c o t o n i t r i l e . The i n f r a r e d  a b s o r p t i o n  band a t  1161 cm.” 1
The p r o c e d u r e  f o r  t h e  G r i g n a r d  r e a c t i o n  was o s s e n t i —
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m ig h t  be duo t o  th o  p r e s e n c e  o f  some 1—m e th y l—1 , 2 , 3 > 6—t e t r a — 
hydro-Aj.—p y r i d y l p h e n y l  k e to n e  (XXXIII) w h ich  c o u ld  fo rm  by t h e  
1 , 2 —a d d i t i o n  o f  p heny lm agnes ium  b rom id e  t o  t h e  n i t r i l e  XXIX.
The c a r b o n y l  a b s o r p t i o n  f o r  XXXIII would be e x p e c t e d  t o  a p p e a r  
a t  a b o u t  1665 cm.- 1  due t o  t h e  e x te n d e d  c o n j u g a t i o n  o f  th e  
b e n z o y l  g ro u p  w i t h  t h e  d o u b le  bond .  The f o r m a t i o n  o f  1—m e th y l— 
3—p h e n y l i s o n i p e c o t o n i t r i l e  c a n  o c c u r  by th e  1,A|.—a d d i t i o n  o f  t h e  
G r i g n a r d  r e a g e n t  t o  t h e  o ( , ^ —u n s a t u r a t e d  n i t r i l e  s y s te m .
Thi3  ty p e  o f  a d d i t i o n  h a s  p r e v i o u s l y  been  shown t o  o c c u r  i n  th e  
p r e p a r a t i o n  o f  1—m e th y l—3—p h e n y l — b e n z o y l p i p e r i d i n e  ( I I I )  by 
t h e  G r i g n a r d  r e a c t i o n .
F r a c t i o n  2 a p p e a r s  t o  be a m i x t u r e  o f  I I I ,  and t h e  
p r o d u c t  o f  1 , ij—a d d i t i o n ,  1—m e th y l—3—p h e n y l i s o n i p a c o t o n i t r i l e . 
S in c e  t h i s  p a r t i c u l a r  r e a c t i o n  scheme d i d  n o t  show any p ro m is e  
i n  p r e p a r i n g  t h e  i s o m e r i c  1—m e th y l—3—p h e n y l —A|—b e n z o y l p i p e r i — 
d i n e ,  i t  was n o t  i n v e s t i g a t e d  f u r t h e r .
The second  p r o p o s e d  r e a c t i o n  scheme w h ich  was c a r r i e d  
o u t  i n  ho p e s  o f  p r e p a r i n g  t h a  i s o m e r i c  k e to n e  i s  i l l u s t r a t e d
I
I
i n  F i g .  5* 1—M ethy l—1, 2 , 3 ,  6—t e t r a h y d r o —ij—p y r i d y l p h e n y l  c a r — 
b i n d  (XXXII) was p r e p a r e d  by t h e  sodium b o r o h y d r i d e  r e d u c t i o n  
o f  1—methyl-4}—b e n z o y l p y r i d i n l u m  brom ide  (XXXI), a c o o r d i n g  to  
t h e  p r o c e d u r e  of Kerl in^-*-^) .  XXXII was t h e n  o x i d i z e d  by a c t i ­
v a t e d  manganese  d i o x i d e  t o  g i v e  1—m e th y l—1 , 2 , 3 , 6 — t e t r a n y d r o - i | — 
p y r i d y l p h e n y l  k e t o n e  (XXXIII)  w h ich  was a n a l y z e d  v i a  i t s  p i c — 
r a t e .  XXXIII c o u ld  n o t  be i s o l a t e d  i n  a p u r e  s t a t e ,  s i n c e  i t  
d a rk e n e d  and decomposed r a p i d l y  upon h e a t i n g .
F o l l o w i n g  t h e  p r o c e d u r e  o f  Z im m erm an ^ ,  impure  XXXIII
i |0 .
was t r e a t e d  w i t h  p heny lm agnes ium  b ro m id e  i n  t h e  p r e s e n c e  o f  
c u p ro u s  c h l o r i d e .  U s u a l  work—up g a v e  a n  o i l  whoje  i n f r a r e d  
a b s o r p t i o n  s p e c t r u m  showed s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  
16?8 cm.""1 . The I n f r a r e d  a b s o r p t i o n  s p e c t r u m  o f  a u t h e n t i o  
I I I  showed s t r o n g  c a r b o n y l  a b s o r p t i o n  a t  1678 cm.*”1 a l s o .
A l l  a t t e m p t s  t o  c r y s t a l l i z e  t h e  o i l  f a i l e d ;  c o n s e q u e n t l y ,  a 
p i c r a t e  o f  t h e  o i l  was made. The i n f r a r e d  a b s o r p t i o n  s p e c t r a  
o f  t h i s  p i c r a t e  and th e  p i c r a t e  o f  I I I  were  i d e n t i c a l .  Mix­
t u r e  m e l t i n g  p o i n t s  o f  t h e  two p i c r a t e s  d id  n o t  d e p r e s s ,  so 
t h e y  m ust  be one and th e  same.
The l a s t  and m ost  p r o m i s i n g  a t t e m p t  a t  an i n d e p e n d e n t  
s y n t h e s i s  o f  c i e —1—m e th y l—3—p h e n y l—ij—b e n z o y l p i p e r i d i n e  in ­
v o lv e d  t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  a p y r i d i n e  q u a t e r n a r y  
s a l t .  I t  was f e l t  t h a t  i f  t h e  c o r r e s p o n d i n g  p y r i d i n e  d e r i v a ­
t i v e  c o u ld  be made, t h e n  c a t a l y t i c  h y d r o g e n a t i o n  o f  i t s  
q u a t e r n a r y  s a l t  would g i v e  t h e  p i p e r i d i n e  w i t h  t h e  c i s  con­
f i g u r a t i o n  o r  a t  l e a s t  a m i x t u r e  o f  t h e  two i s o m e r s .
D e h y d r o g e n a t i o n s  o f  1—s u b s t l t u t e d  p i p e r i d i n e s  u s i n g
p a l l a d i u m —on—c h a r c o a l  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e  and
( PQ—^ l  )u s u a l l y  p r o c e e d  i n  good y i e l d s '  . 1—A l k y l p i p e r i d i n e s
(29 30)have  been d e h y d r o g e n a t e d  t o  p y r i d i n e  u s i n g  t h i s  c a t a l y s t  ’ 
Q u i n u c l i d i n e  and 1—a z a b i c y c l o  £ 2 , 2 , 1 ^  h e p t a n e  h a v e  b e e n  de—
(31h y d r o g e n a t e d  t o  l ^ ^ - e th y lp y r id in e  and i|—p i c o l i n e ,  r e s p e c t i v e l y  
The d e h y d r o g e n a t i o n  o f  1—m e th y l—3—p h e n y l —4—b e n z o y l p i p e r i d i n e  
( I I I ) ,  u s i n g  p a l l a d i u m —on—c h a r c o a l ,  was a t t e m p t e d  a t  240°
and i n  b o i l i n g  n a p h t h a l e n e . The o n l y  p r o d u c t  i s o l a t e d ,  i n  
e i t h e r  c a s e ,  was a r e d  o i l  whose i n f r a r e d  a b s o r p t i o n  s p e c t r u m
111.
showed bands  a t  2980  c m ." 1 and 2770 cm.*"1 w h ic h  a r e  due t o  
a l i p h a t i c  —CH s t r e t c h i n g  v i b r a t i o n s .  C a rb o n y l  a b s o r p t i o n  
a p p e a r e d  a t  l b 7 2  era.""1 and a b s o r p t i o n  due t o  t h e  N—CHa g rou p  
a p p e a r e d  a t  1380  cm."*1 . I t  i s  q u i t e  e v i d e n t  t h a t  t h e  d e h y d ro — 
g e n a t i o n  was u n s u c c e s s f u l .
B a l i a h  and E k a r a b a r a ra ^ ^ ) e n c o u n t e r e d  s u c c e s s  i n  de— 
h y d r o g e n a t i n g  s u b s t i t u t e d  p i p e r i d i n e s  and p i p e r i d i n o l s , u s i n g  
s u l f u r  w h ich  i s  a more a c t i v e  c a t a l y s t  t h a n  p a l l a d i u m .  By 
m o d i f y i n g  t h e i r  p r o c e d u r e  somewhat,  i t  was p o s s i b l e  to  o b t a i n  
3—p h e n y l —4.—b e n z o y l p y r i d l n e  (XX) i n  51% y i e l d  by h e a t i n g  I I I  
i n  t h e  p r e s e n c e  o f  s u l f u r  t o  a b o u t  180° ( P i g .  6 ) .  The i n f r a ­
re d  a b s o r p t i o n  s p e c t r u m  o f  XX showed no a l i p h a t i c  C—H bands  
i n  t h e  r e g i o n  o f  2800—3000 cm.*"1 and no N—CHS a b s o r p t i o n  in  
t h e  v i c i n i t y  o f  1375 cm.""1 . C a rb o n y l  a b s o r p t i o n  a p p e a r e d  a t  
1672 cm."*1 and s t r o n g  a b s o r p t i o n  was o b s e r v e d  a t  783 c m ." 1 ,
757 cm.” x and 700 cm.*"1 . I t s  u l t r a v i o l e t  a b s o r p t i o n  sp e c t ru m  
showed maxima a t  2l|8 m^ i ( l o g  €  ip. 3 6 ) and a t  290 mp ( l o g  £  3 . 7 0 ) .
1—M ethy l—3—p h e n y l —^ —b e n z o y l p y r i d i n l u m  brom ide  (XXI),  
w h ich  was o b t a i n e d  in  b0%> y i e l d  f rom XX, was h y d r o g e n a t e d  o v e r  
a p l a t i n u m  o x id e  c a t a l y s t  a t  low p r e s s u r e  f o r  19 h o u r s .  In­
f r a r e d  a n a l y s i s  o f  t h e  o i l y  p r o d u c t  i n d i c a t e d  a m i x t u r e  o f  an 
a l c o h o l  and a k e t o n e .  A l l  a t t e m p t s  t o  c r y s t a l l i z e  t h e  o i l  
f a i l e d .  C h rom atography  o v e r  P l o r i s i l  and e l u t i o n  w i t h  c h l o r o ­
form gave  an  o i l  which  c r y s t a l l i z e d .  The i n f r a r e d  a b s o r p t i o n  
sp e c t r u m  o f  t h e  s o l i d  m a t e r i a l  (XXII) showed —OH s t r e t c h i n g  
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—CH a b s o r p t i o n  a p p e a r e d  i n  t h e  r e g i o n  2700—3000 cm.”*1 . 
E l e m e n t a l  a n a l y s i s  a g r e e d  w i t h  t h e  e m p i r i c a l  f o r m u l a ,
Cj.9Ha a N0. I t s  m e l t i n g  p o i n t  (119*5—121°)  was s i g n i f i c a n t l y  
d i f f e r e n t  f rom  t h e  two o t h e r  i s o m e r i c  a l c o h o l s ,  V I I  and XVI. 
T re a tm e n t  o f  XXII w i t h  t h e  CrOa—p y r i d i n e  r e a g e n t  and a c t i ­
v a t e d  m anganese  d i o x i d e  r e s u l t e d  i n  o n l y  i n c o m p l e t e  o x id a ­
t i o n ,  w h e re a s  t h e  o x i d a t i o n  o f  V I I  o r  XVI p r o c e e d s  r e a d i l y .  
T h is  o b s e r v a t i o n  seems t o  l e n d  s u p p o r t  t o  t h e  h y p o t h e s i s  
t h a t  V I I  and XVI a r e  o f  t h e  t r a n s  c o n f i g u r a t i o n  d i f f e r i n g  
o n ly  i n  t h e  c o n f i g u r a t i o n  o f  t h e  c a r b i n o l  c a r b o n  atom and 
t h a t  XXII i s  t h e  c i s  i s o m e r .  I t  m ig h t  be e x p e c t e d  t h a t  t h e  
o x i d a t i o n  o f  t h e  c i s  a l c o h o l  would be more d i f f i c u l t ,  s i n c e  
t h e  a x i a l  —CHOH g ro u p  i s  more s t e r i c . a l l y  h i n d e r e d  t h a n  t h e  
e q u a t o r i a l  a l c o h o l  ( t r a n s ) .  No p u r e  p r o d u c t  c o u ld  be i s o ­
l a t e d  f rom  t h e  o x i d a t i o n .
S in c e  t h e  c a t a l y t i c  h y d r o g e n a t i o n  o f  XXI gave  in ­
c o m p le t e  r e d u c t i o n ,  a n o t h e r  a p p r o a c h  was t a k e n .  XX was 
r e d u c e d  w i t h  sodium b o r o h y d r i d e  i n  t h e  u s u a l  manner  t o  g i v e  
3—p h e n y l —4—p y r i d y l p a e n y l  c a r b i n o l  (X X III )  i n  80$ y i e l d .
Qua t e r n i z a t i o n  o f  XXIII  w i t h  m e t h y l  b rom ide  p r o c e e d e d  sm oo th ly  
i n  93$ y i e l d .  The p y r i d i n i u m  s a l t ,  XXIV, c o u ld  n o t  be r e ­
duced c a t a l y t l c a l l y . I n  t h e  h y d r o g e n a t i o n s  o f  XXI and XXIV, 
t h e  f i n e l y —d i s p e r s e d  c a t a l y s t  became clumped a s  soon  a s  a 
m e th a n o l  s o l u t i o n  o f  t h e  compound was added  t o  t h e  c a t a l y s t .  
The o n ly  e x p l a n a t i o n  a v a i l a b l e  f o r  t h i s  c lu m p in g  i s  t h a t  
t h e r e  were  t r a c e s  o f  s u l f u r  p r e s e n t  w h ic h  p o i s o n e d  t h e  c a t a ­
l y s t  and so  i n h i b i t e d  t h e  h y d r o g e n a t i o n .
44 -
In order  to  c ircum vent  t h i s  d i f f i c u l t y ,  XXIV was 
reduced w i th  sodium borohydride  to  g i v e  1—m ethyl—3—pheny l—
1, 2 , 5 , 6 —t e t r a h y d r o —4-—p y r id y lp h e n y l  c a r b i n o l  (XXV) ir. bL$ 
y i e l d .  The weak in f r a r e d  a b s o r p t io n  spectrum showed a broad,  
weak band a t  3070 cm."1 . I t s  u l t r a v i o l e t  a b s o r p t io n  spectrum  
showed no maxima above 230 mp. There was no uptake o f  hydro­
gen ,  when XXV was s u b j e c t e d  t o  c a t a l y t i c  h y d r o g e n a t io n .  Ad­
s o r p t i o n  o f  the  double  bond on the s u r f a c e  o f  the  c a t a l y s t  
would be i n h i b i t e d  by i n t e r f e r e n c e  o f  a x i a l  hydrogens and o f  
the  bulky phenyl  and b en z o y l  groups .  Thus, the c a t a l y t i c  
h y d ro g e n a t io n  o f  a 3,4*~^i3Ub c t i t u t e d  p y r i d i n e  or  pyr id in ium  
s a l t  appears to  be i n h i b i t e d  f o r  s t e r i c  r e a s o n s .
In hopes t h a t  r e d u c t io n  w i th  sodium amalgam in a l c o ­
h o l  might g i v e  a m ixture  o f  s t e r e o i s o m e r s ,  XXV was o x i d i z e d  
w ith  a c t i v a t e d  mianganese d i o x i d e .  A y e l l o w  o i l  was o b t a in e d .  
I t s  i n f r a r e d  a b s o r p t io n  spectrum showed a broad,  medium band 
a t  344-0 cm."1 and a broad, s t r o n g  band a t  1655 cm."1 . I t s  
u l t r a v i o l e t  a b s o r p t io n  spectrum showed sh o u ld e r s  a t  250 mji,
288 niji and 34-5 mja. Complete o x i d a t i o n  u s in g  a c t i v a t e d  man­
g an ese  d i o x i d e  was not  p o s s i b l e .
In c o n c l u s i o n ,  the  a v a i l a b l e  e v id e n c e  does  n o t  d e f i ­
n i t e l y  e s t a b l i s h  the  s t e r e o c h e m i s t r y  o f  1—me thy 1—3—phenyl—4 .— 
b e n z o y l p i p e r i d i n e  ( I I I ) .  C e r t a i n l y  the  a t tem pted  ep im er i— 
z a t i o n  and brom in at io n  r e a c t i o n s  i n d i c a t e  s t r o n g l y  t h a t  I I I  
i s  the t r a n s —is o m e r . On the  o t h e r  hand, the fo rm a t io n  o f  the  
b i c y c l i c  q u aternary  s a l t ,  XIV, in  the  a ttem pted  d e h y d r a t io n  o f  
l - m e t h y l —3 -p h e n y l—4-—p i p e r i d y l p h e n y l  c a r b i n o l  ( VII )  s t r o n g l y  
s u g g e s t s  t h a t  I I I  i s  the  o i s —Isom er .
4 5 .
EXPERIMENTAL
I n f r a r e d  A b s o r p t i o n  S p e c t r a .— The I n f r a r e d  a b s o r p t i o n  
s p e c t r a  were  d e t e r m i n e d  u s i n g  a P e r k i n —E lm er  Model 21 I n f r a r e d  
s p e c t r o p h o t o m e t e r  w i t h  sodium c h l o r i d e  o p t i o s  a t  s e t t i n g s  o f :  
r e s o l u t i o n ,  927;  r e s p o n s e ,  1 ;  g a i n ,  5 ;  s p e e d ,  4—6 > s u p p r e s s i o n ,  
0;  s c a l e ,  s t a n d a r d .  The s p e c t r a  o f  s o l i d s  were  d e t e r m i n e d  a s  
m u l l s  i n  s e r i e s  11—lij. H a lo c a rb o n  o i l  f rom 130 0 -4 00 0  cm."”1 and 
i n  N u j o l  f ro m  65 0-1300  cm."’1 . A l l  ban d s  were  s t r o n g  e x c e p t  
t h o s e  i n d i c a t e d  weak (W) o r  medium (M), and t h e  l o c a t i o n  o f  
t h e  ban d s  i s  g i v e n  i n  f r e q u e n c y  u n i t s ,  cm.""1 .
U l t r a v i o l e t  A b s o r p t i o n  S p e c t r a The u l t r a v i o l e t  
a b s o r p t i o n  s p e c t r a  were  d e t e r m i n e d  u s i n g  a P e r k i n —E lm er  
Model 4000 r e o o r d i n g  s p e c t r o p h o t o m e t e r .  The s p e c t r a  were  
d e t e r m i n e d  i n  95$ e t h a n o l ,  and t h e  w a v e l e n g th  i s  g i v e n  i n  
m i l l i m i c r o n s  (mji).
A n a l y t i c a l  D a t a . — M i c r o a n a l y s e s  were  d e t e r m i n e d  by 
G a l b r a i t h  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  K n o x v i l l e ,  T e n n e s s e e ,  
and by S ch w a rzk o p f  M i c r o a n a l y t i c a l  L a b o r a t o r y ,  W oodside ,
New Y ork .
P r e p a r a t i o n  o f  t h e  S t a r t i n g  M a t e r i a l s
M ethy l  I s o n l c o t l n a t e .— T h is  e s t e r  was o b t a i n e d  f rom  
t h e  R e i l l y  T a r  and  C hem ica l  C o r p o r a t i o n .
P r e p a r a t i o n  o f  M e th y l  I s o n l c o t l n a t e  M e t h lo d l d e  ( I ) -  
The m e t h l o d l d e  o f  m e t h y l  i s o n l c o t l n a t e  p r e c i p i t a t e d  i n  87$
y i e l d  o v e r  a p e r i o d  o f  10 h r .  f rom  a s o l u t i o n  o f  0 . 6 7  mole  
o f  m e t h y l  i s o n i c o t i n a t e  and 0 . 7 0  mole  o f  m e t h y l  i o d i d e  i n  
300 m l .  o f  a c e t o n e .  A f t e r  r e c r y s t a l l i z a t i o n  f rom  a w a t e r — 
e t h a n o l  m i x t u r e ,  I  m e l t e d  a t  177—179° ( d e c . ) j  l i t .  ra .p .  1 7 9 ° ( 8 ) .
P r e p a r a t i o n  o f  M ethy l  1—M e th y l—1 . 2 , 3 . 6 —t e t r a h y d r o l s o — 
n l c o t i n a t e  ( I I ) To a s o l u t i o n  o f  120 g .  (0.J+3 m ole )  o f  
m e t h y l  i s o n i c o t i n a t e  m e t h i o d i d e  ( I )  i n  350 m l .  o f  m e t h a n o l ,
20 g .  o f  sodium b o r o h y d r i d e  was added  i n  s m a l l  p o r t i o n s .  The 
v i g o r o u s  r e a c t i o n  was m o d e ra te d  by e x t e r n a l  c o o l i n g .  A f t e r  
b e i n g  s t i r r e d  a t  room t e m p e r a t u r e  f o r  0 . 5  h r . ,  t h e  m e t h a n o l  
s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  on t h e  s team  b a t h .  The 
semi—s o l i d  r e s i d u e  was d i s s o l v e d  i n  w a t e r ,  s a t u r a t e d  w i t h  
a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  and e x t r a c t e d  s e v e r a l  t im e s  
w i t h  e t h e r .  A f t e r  d r y i n g  o v e r  p o t a s s i u m  c a r b o n a t e ,  t h e  e t h e r  
was rem oved,  and  t h e  r e s i d u a l  o i l  was d i s t i l l e d  u n d e r  10 mm. 
o f  p r e s s u r e  t o  g i v e  fy.7 g .  (71$)  o f  m e th y l  1—m e th y l—1 , 2 , 3 , 8 — 
t e t r a h y d r o i s o n i c o t i n a t e  ( I I ) ,  b . p .  9 9 - 1 0 2 ° / 1 0  mm., l i t .  b . p .  
9 5 - 1 0 0 ° / 7  mm ( 7 ) .
The h y d r o b r o m id e  o f  I I  was p r e p a r e d  and m e l t e d  a t  
190-191°  a f t e r  r e c r y s t a l l i z a t i o n  f rom  i s o p r o p y l  a l c o h o l .
A n a l .  C a lc d .  f o r  C8HI 4 N08B r:  Br, 3 9 . 9 0 .  Pound :
B r ,  3 9 . 9 9 .
The m e t h i o d i d e  o f  I I  was p r e p a r e d  and a f t e r  r e -  
c r y s t a l l i z a t i o n  f rom  i s o p r o p y l  a l c o h o l  m e l t e d  a t  205—2 0 8 ° ;  
l i t .  m .p .  2 1 0 -2 1 2°  (7)»
P r e p a r a t i o n  o f  1—Me t h y  1— 3 - p h e n y l—h^-b e n z o y l p l p e r i d l n e
( I I I ) .— To a s t i r r e d  s o l u t i o n  o f  a p p r o x i m a t e l y  128 g .  ( 0 . 7 1
m ola )  o f  pheny lm agnes ium  b ro m id e  i n  500 m l .  o f  d r y  e t h e r  was 
added  d r o p w i s e ,  1+9.1 g .  ( 0 . 3 2  m o le )  o f  m e t h y l  1—m e t h y l —1 , 2 , 3 , 6 -  
t e t r a h y d r o i s o n i c o t i n a t e  ( I I ) .  The m i x t u r e  was s t i r r e d  and 
h e a t e d  u n d e r  r e f l u x  f o r  1 h r .  To t h e  s t i r r e d  r e a o t i o n  m i x t u r e ,  
o o o le d  i n  a n  i o e  b a t h ,  was added  d r o p w i s e  a n  a q u e o u s  s o l u t i o n  
o f  ammonium c h l o r i d e .  The e t h e r  l a y e r  was t h e n  s e p a r a t e d  and 
e x t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The a c i d  e x t r a c t  
was c o o l e d  i n  i c e  and made a l k a l i n e  w i t h  1+0% a q u e o u s  p o t a s s i u m  
c a r b o n a t e .  The o i l  w h ic h  p r e c i p i t a t e d  was t a k e n  up i n  e t h e r ,  
and t h e  e t h e r  e x t r a c t  was d r i e d  o v e r  a n h y d r o u s  p o t a s s i u m  ca.n— 
b o n a t e .  F i l t r a t i o n  and d i s t i l l a t i o n  o f  t h e  e t h e r  s o l u t i o n  
gave  an  o i l y  r e s i d u e .  The r e s i d u e  was d i s t i l l e d  a t  r e d u o e d  
p r e s s u r e  t o  y i e l d  31+ g .  o f  a v i s c o u s  o r a n g e  l i q u i d ,  b .  p .  1 8 0 -  
230 ° / 2 0  mm. T r i t u r a t i o n  w i t h  and r e c r y s t a l l i z a t i o n  f rom  p e t r o ­
leum e t h e r  gave  18 g .  {21%) o f  1—m e th y l—3—p h e n y l —i ^ - b e n z o y l p i p — 
e r i d i n e  ( I I I ) ,  m. p .  1 0 7 . 5 - 1 0 8 ° .
A n a l .  C a lc d .  f o r  Cl a Ha x N0: C, 8 1 . 6 8 ;  H, 7 . 5 7 .
Found;  C, 8 1 . 3 0 ;  H, 7.1+7.
IR sp e c t r u m  (N u jo l  m u l l  Wo. 1 3 8 ) ;  1678 ,  757 (M), 700.
UV sp e c t r u m  ( Xmax. ( l o g  £  ) ) :  21+5(1+.26), Sh 2 7 6 ( 3 . 8 1 ) ,  
Sh 3 2 0 ( 2 . 1 5 ) .
The m e t h i o d i d e  o f  I I I ,  m .p .  153—1 5 5 ° ,  was p r e p a r e d  by 
t h e  a d d i t i o n  o f  e x c e s s  m e t h y l  i o d i d e  t o  a s o l u t i o n  o f  I I I  i n  
a c e t o n e  and r e c r y s t a l l i z a t i o n  o f  t h e  r e s u l t i n g  p r e c i p i t a t e  f rom  
I s o p r o p y l  a l c o h o l .
A n a l .  C a lc d .  f o r  Ca o Ha *IN0:  I ,  3 0 . 1 5 .  F o und :  I ,  30.1+3.
The h y d ro b ro m id e  and t h e  h y d r o c h l o r i d e  o f  I I I  w e re  p r e —
ij.8.
p a r e d  by  s t a n d a r d  p r o c e d u r e s  and were  p u r i f i e d  by r e o r y s t a l — 
l i z a t i o n  f ro m  I s o p r o p y l  a l c o h o l  t o  g i v e  s o l i d s ,  m .p .  2b3r~2l4j° 
and 269—2 7 0 ° ,  r e s p e c t i v e l y .
A n a l .  C a l c d .  f o r  (h y d ro b ro m id e )  Cx9Ha s BrNO: B r ,  2 2 . 1 8 .  
Pound :  B r ,  2 2 . 1 0 .
A n a l .  C a l c d .  f o r  ( h y d r o c h l o r i d e )  Cl 9 Ha a ClN0: C l ,  1 1 .2 i | .  
Pound :  C l ,  1 1 . 0 6 .
The p i c r a t e  o f  I I I  was p r e p a r e d  and a f t e r  two r e -  
c r y s t a l l i z a t i o n s  f rom  an  e t h a n o l —w a t e r  m i x t u r e  m e l t e d  a t  225—
2 3 4 ° .
Preparation of Methyl 1—Methyl— j—phenyllsonlpecotate
( I V ) .— About  100 m l .  o f  d r y  e t h e r  and 3 g* ( 0 .1 2 3  g—atom) o f
magnesium t u r n i n g s  were  p l a c e d  i n  a 50O-ml.  t h r e e —n e ck ed
f l a s k .  A s o l u t i o n  o f  2 2 . Jj. g .  (O.lit-3 m ole )  o f  b rom obenzene  i n
100 m l .  o f  d r y  e t h e r  was added  i n  t h e  c o u r s e  o f  1 h r .  t o
m a i n t a i n  g e n t l e  r e f l u x .  A f t e r  b e i n g  s t i r r e d  f o r  0 . 5  h r . ,  t h e
o
m i x t u r e  was c o o le d  t o  —5 , and 65 m l .  o f  an  e t h e r  s o l u t i o n  o f  
15 g .  ( 0 .0 9 7  m o le )  o f  m e t h y l  1—m e th y l—1 , 2 , 3 > 6 —t e t r a h y d r o i s o ­
n i c  o t l n a t e  ( I I )  was added d u r i n g  t h e  c o u r s e  o f  1 h r .  The 
m i x t u r e  was s t i r r e d  f o r  20 m in .  l o n g e r  a t  t h e  same t e m p e r a t u r e .  
The r e a c t i o n  m i x t u r e  was h y d r o l y z e d  w i t h  an  a q u eo u s  s o l u t i o n  
o f  ammonium c h l o r i d e .  The e t h e r  l a y e r  was s e p a r a t e d  and ex­
t r a c t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d .  The a c i d  e x t r a c t s  were  
c o o l e d  i n  l o e  and made a l k a l i n e  w i t h  a q u e o u s  p o t a s s i u m  
c a r b o n a t e .  The p r e c i p i t a t e d  o i l  was t a k e n  up  i n  e t h e r .  A f t e r  
d r y i n g  o v e r  p o t a s s i u m  c a r b o n a t e ,  t h e  e t h e r  was removed and t h e  
r e s i d u a l  o i l  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e
1+9.
l i t . .2 g .  ( 67#)  o f  m e t h y l  1 - m e t h y l —3—p h e n y l i s o n i p e o o t a t e  ( I V ) ,
26 3
b . p .  1 7 2 ° / 1 8  mm., 1 . 5 2 1 7 .
A n a l .  C a l c d .  f o r  C14H18N08 : C, 7 2 . 0 7 ;  H, 8 . 2 1 .
P o u nd :  C, 7 2 . 2 0 ;  H, 8 . 3 5 .
IR  s p e c t r u m  ( f i l m ,  No. 681+): 171+0 ( B , S ) ,  788 (M),
759 (M), 719 (W), 701 .
P r e p a r a t i o n  o f  1—Me th y  1— 3—phe ny 1—li*-p l p e r l d y l d  1p h e n y l — 
c a r b i n o l  ( V ) A s o l u t i o n  o f  1+.6 g .  ( 0 .0 1 7  m ole )  o f  1—m e th y l— 
3-pheny l- l+—b e n z o y l p i p e r i d i n e ( I I I )  i n  a n h y d ro u s  e t h e r  was added 
d r o p w is e  t o  a 0 . 0 5  mole  p h e n y l l i t h i u m  s o l u t i o n  p r e p a r e d  f rom  
0 . 7  g .  o f  l i t h i u m  and 7 . 5  g .  o f  b rom obenzene  i n  200 m l .  o f  
a n h y d ro u s  e t h e r .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  mix­
t u r e  was h e a t e d  u n d e r  r e f l u x  f o r  1+5 m in .  and t h e n  decomposed 
w i t h  w a t e r .  The e t h e r  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was removed by d i s t i l l a t i o n .  
The r e m a i n i n g  o i l  s o l i d i f i e d ,  and t h e  s o l i d  was r e c r y s t a l l i z e d  
f rom  i s o p r o p y l  a l c o h o l  t o  g i v e  l+*7 g .  (80$)  o f  l~ m e th y l —3— 
p h e n y l —i+—p l p e r i d y l d i p h e n y l c a r b l n o l (V ) , m .p .  136—1 3 7 . 5 ° .
A n a l .  C a l c d .  f o r  Ca5H87N0: C, 8 3 . 9 9 ; H, 7 . 6 1 .
P o und :  C, 8 3 . 9 2 ,  81+.08; H, 7 . 8 7 , 7 - 7 0 .
IR sp e c t r u m  (Mull  No. 6 6 7 ) :  3572 (M), 1600 (W),
11+93 (M), 767 (M), 71+9 (M), 739 (M), 703 ,  695.
0
The h y d r o c h l o r i d e  was p r e p a r e d  and m e l t e d  a t  237—238 
a f t e r  r e c r y a t a l l i z a t i o n  f rom  i s o p r o p y l  a l c o h o l .
R e a c t i o n  o f  P h e n y l l i t h i u m  w i t h  t h e  Room T em p e ra tu re  
Q r l g n a r d  R e a c t i o n  M i x t u r e . P r e p a r a t i o n  o f  V.— An e t h e r  
s o l u t i o n  o f  1 1 .8  g .  o f  t h e  c r u d e  m i x t u r e  f rom  t h e  room -
t e m p e r a t u r e  G r i g n a r d  r e a c t i o n  was added  d r o p w i s e  t o  a p h e n y l — 
l i t h i u m  r e a g e n t  p r e p a r e d  f rom  3*5 g .  ( 0 . 5 1  g—atom ) o f  l i t h i u m  
and 39 g .  ( 0 . 2 5  m o le )  o f  b rom obenzene  i n  200 m l .  o f  a n h y d ro u s  
e t h e r .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  m i x t u r e  was 
a l l o w e d  t o  c o o l .  The r e a c t i o n  m i x t u r e  was t h e n  decomposed 
w i t h  w a t e r .  The e t h e r  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e  and t h e  e t h e r  was d i s t i l l e d .  The r e s u l t i n g  
d a r k  r e d  o i l  was d i s s o l v e d  i n  i s o p r o p y l  a l c o h o l ,  and t h e  
s o l u t i o n  was a l l o w e d  t o  s t a n d  f o r  a few h o u r s .  S c r a t c h i n g  t h e  
s i d e s  o f  t h e  f l a s k  w i t h  a g l a s s  rod  c a u s e d  t h e  p r e c i p i t a t i o n  
o f  8 . 1  g .  (Sk%) o f  V, m . p . 13i|—136° . T h is  m a t e r i a l  d id  n o t  
d e p r e s s  t h e  m e l t i n g  p o i n t  o f  an  a u t h e n t i c  sam ple  o f  1—m e th y l—
3—p h e n y l — p i p e r i d y l d i p h e n y l  c a r b i n o l  (V ) .
P r e p a r a t i o n  o f  1—M ethv l—3—p h e n y l —^ - p l p e r l d v l l d e n e d i — 
p h e n v lm e th a n e  ( V I ) .— The r e a c t i o n  o f  10 g .  o f  1 - m e t h y l —3— 
phenyl-**.—p i p e r i d y l d i p h e n y l c a r b i n o l  (V) w i t h  50 m l .  o f  1*.Q% 
h y d ro b ro m ic  a c i d  and 50 m l .  o f  g l a c i a l  a c e t i c  a c i d  was h e a t e d  
on t h e  s t e am b a t h  f o r  2 h r .  and t h e n  a l l o w e d  t o  s t a n d  o v e r n i g h t .  
The a c e t i c  a c i d  was removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  
p r e s s u r e ,  and t h e  r e m a i n d e r  o f  t h e  m i x t u r e  was made a l k a l i n e  
w i t h  p o t a s s i u m  c a r b o n a t e  s o l u t i o n .  The brown o i l  w h ich  p r e ­
c i p i t a t e d  was t a k e n  up i n  e t h e r .  The e t h e r  e x t r a c t s  were  
d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was d i s t i l l e d  
y i e l d i n g  i*..3 g .  ikS%)  o f  1—m e th y l—3—^p h e n y l —i*—p i p e r i d y l i d e n e — 
d i p h e n y l m e t h a n e  ( V I ) .  The m a t e r i a l  was c r y s t a l l i z e d  and r e -  
c r y s t a l l i z a t i o n  f rom  i s o p r o p y l  a l c o h o l  g a v e  p a l e  y e l l o w  
c r y s t a l s ,  m. p .  121—1 2 3 ° .
5 1 .
A n a l .  C a l c d .  f o r  Ca e HaBN: C, 88.i*.5; H, 7.1*3; N, i*-. 13 .
Pou n d :  C, 8 8 . 7 5 ;  H, 7.51*-; N, 1*.03.
IR s p e c t r u m  (Mull  No. 8 2 8 ) :  1616 (W), 1600 (W-M),
114-97, 7 7 2 ,  763,  I k l  (M), 733,  697.
UV sp e o t ru m  ( X m ax.  ( l o g  € ) ) :  238(1*.. 1 8 ) .
P r e p a r a t i o n  o f  I —M ethy l—3—ph e n y 1—U—P1p e r l d y 1 d1ph e n y 1— 
c a r b i n o l  (V) f rom  M ethy l  1—Me t h y  1—3—pheny 1 1 s o n lp e  c o t a  t  e ( IV)
An e t h e r  s o l u t i o n  o f  1 7 .5  g .  ( 0 . 0 7 5  m ole )  o f  m e th y l  1—m e th y l— 
3—p h e n y l i s o n i p e c o t a t e  (IV) was added  d r o p w is e  t o  a p h e n y l— 
l i t h i u m  r e a g e n t  p r e p a r e d  f rom i*..6 g .  ( 0 .6 6 5  g—atom ) o f  l i t h i u m  
and 5 2 . 3  g .  ( 0 .3 3 3  mole)  o f  b rom obenzene  i n  300 m l .  o f  an­
h y d r o u s  e t h e r .  A f t e r  t h e  a d d i t i o n  was o o m p l e t e ,  t h e  m i x t u r e  
was h e a t e d  u n d e r  r e f l u x  f o r  1 h r . ,  and t h e n  decomposed by t h e  
a d d i t i o n  o f  w a t e r .  The e t h e r  l a y e r  was s e p a r a t e d ,  d r i e d  o v e r  
a n h y d ro u s  p o t a s s i u m  c a r b o n a t e  and t h e  e t h e r  was d i s t i l l e d  
y i e l d i n g  1 8 .8  g .  (6 5%) o f  1—m e th y l—3—p h e n y l —A*—p i p e r  I d y l — 
d i p h e n y l c a r b i n o l  (V ) .  R e c r y s t a l l i z a t i o n  f rom  i s o p r o p y l  a l ­
c o h o l  gave  p u r e  m a t e r i a l ,  m .p .  121—1 2 3 ° .  Mixed m e l t i n g  p o i n t  
w i t h  a u t h e n t i c  V d i d  n o t  d e p r e s s  t h e  m e l t i n g  p o i n t .  The i n —  
f r a r e d  a b s o r p t i o n  s p e c t r u m  was i d e n t i c a l  w i t h  t h a t  o f  an  
a u t h e n t i c  sam ple  o f  V p r e p a r e d  f rom  I I I .
P r e p a r a t i o n  o f  2—Me t h v l —9—ka t  o—1 . 2 . 3 . k . k a . 9b—hexa— 
h y d r o —l H - i n d e n o  C l . 2 . c l  p y r i d i n e  ( X ) .—
a . H y d r o l y s i s  o f  M ethy l  1—M ethy l—3—p h e n y l i s o n l p e c o t a t e  t o  
1—Me t h y 1—3—ph e n y l l s o n l p e o o t l c  Acid  H y d r o c h l o r i d e  ( V I I I ) .— To 
21 g .  o f  m e t h y l  1—m e th y l—3—p h e n y l i s o n i p e c o t a t e  (IV) were added
5 2 .
ij.0 m l .  o f  w a t e r  and 65 m l . '  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .
The m i x t u r e  was d i s t i l l e d  s l o w l y  u n t i l  t h e  t e m p e r a t u r e  o f  t h e  
d i s t i l l a t e  rem a in e d  c o n s t a n t  a t  1 0 8 ° .  The s o l v e n t  was t h e n  
removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  2 2 .1  g .  
(96$)  o f  im pure  1 - m e t h y l —3—p h e n y l i s o n i p e c o t i c  a c i d  h y d r o c h l o ­
r i d e  ( V I I I ) .
b . 1—Me t h y  1—3—ph e n y 1 i  s o n i  pe c o t y 1 C h l o r i d e  H y d r o c h l o r i d e  ( I X ) .— 
To 2 2 .1  g .  o f  im pure  V I I I  was added  100 m l .  o f  t h i o n y l  c h l o r i d e ,  
and t h e  m i x t u r e  was a l l o w e d  t o  s t a n d  o v e r n i g h t .  The t h i o n y l  
c h l o r i d e  was t h e n  removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s ­
s u r e ,  and t o  t h e  r e s i d u e  was added  150 m l .  o f  a n h y d ro u s  d i — 
c h l o r o e t h a n e . The r e s u l t i n g  s o l u t i o n  was s u b j e c t e d  to '  d i s t i l ­
l a t i o n  a t  r e d u c e d  p r e s s u r e  u n t i l  50 m l .  o f  d i s t i l l a t e  was 
c o l l e c t e d .  To t h e  r e s i d u a l  s o l u t i o n  50 m l .  o f  d i c h l o r o e t h a n e  
a g a i n  was a d d e d ,  and  t h e  d i s t i l l a t i o n  was r e p e a t e d  u n t i l  50
m l .  o f  d i s t i l l a t e  was c o l l e c t e d .  A g a in  50 m l .  o f  d i c h l o r o — 
e t h a n e  was a d d e d .
c . I n t r a m o l e c u l a r  F r l e d e l —C r a f t s  A c y l a t l o n  o f  1—M ethyl—1— 
p h e n y l 1s o n l p e e o t y 1 C h l o r i d e  H y d r o c h l o r i d e  t o  2—M ethy l—5—k e t o —
1 . 2 .  3 .h . l t a  . 9 b -hex a  h y d ro —l f t - i n d e n o  [  1 . 2 .  c l  p y r i d i n e  ( X ) .— To 
t h e  above  s o l u t i o n  o f  IX i n  d i c h l o r o e t h a n e  was added  30 g .  o f  
a n h y d ro u s  a luminum c h l o r i d e .  A v i g o r o u s  e v o l u t i o n  o f  h y d r o g e n  
c h l o r i d e  b e g a n .  The m i x t u r e  was s t i r r e d  f o r  0 . 5  h r .  a f t e r  t h e  
e v o l u t i o n  o f  h y d r o g e n  c h l o r i d e  c e a s e d ,  and t h e n  p o u re d  i n t o  
350 g .  o f  i c e  and 50 m l .  o f  o o n o e n t r a t e d  h y d r o c h l o r i c  a c i d .  
A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  a q u e o u s  and o r g a n i c  l a y e r s  were  
s e p a r a t e d ,  and t h e  a q u e o u s  l a y e r  was e x t r a c t e d  t w io e  w i t h
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o t h e r .  The a q u e o u s  l a y e r  was c o o le d  I n  I c e  and made a l k a l i n e  
w i t h  sod ium  h y d r o x i d e  s o l u t i o n .  The r e s u l t i n g  m i x t u r e  was 
e x t r a c t e d  s e v e r a l  t i m e s  w i t h  e t h e r .  The combined e t h e r  ex­
t r a c t s  w ere  t r e a t e d  w i t h  N o r l t e ,  d r i e d  o v e r  a n h y d ro u s  p o t a s ­
s ium o a r b o n a t e  and t h e  e t h e r  was d i s t i l l e d ,  y i e l d i n g  1 1 . 5  g .  
(61$  o v e r a l l  y i e l d  f rom  IV) o f  2—m e th y l—5—k e t o —l , 2 , 3 , l | . , l p a , 9 b — 
h e x a h y d r o - l i P - i n d e n o { l ,  2 , c ^ p y r i d i n e ,  m .p .  90—9 2 . 5 °  • Two r e -  
c r y s t a l l i z a t i o n s  f rom p e t r o l e u m  o t h e r  gave  p u r e  X, m .p .  93—9l+° •
Anal. C a l o d . f o r  C18H1BN0: C, 7 7 . 5 8 ;  H, 7 . 5 1 .
Pound: C, 7 7 . 5 3 ;  H, 7 . 6 7 .
IR spectrum (Mull No. 9 0 7 ) :  1709 ,  1606 (M), 1585 (W), 
782 (M), 766 (M), 762 (M), 739 (W-M), 715 (W).
The oxime o f  X was o b t a i n e d  i n  q u a n t i t a t i v e  y i e l d  by 
t h e  p o t a s s i u m  h y d r o x i d e  method ( 1 6 ) .  A f t e r  one r e o r y s t a l — 
l i z a t i o n  f ro m  95$ e t h a n o l  t h e  oxime m e l t e d  a t  195—2 0 0 ° .
P r e p a r a t i o n  o f  2—M ethy l—5 - h y d r o x y —5—p h e n y l—1 , 2 , 3  tU ,—- 
Ua-.9b—h e x a h y d r o —l H - i n d e n o f l , 2 . c l j p y r i d i n e  . (XI).— To a 0 .0 5  
mole- p h e n y l l i t h i u m  s o l u t i o n  p r e p a r e d  f rom  0 . 7  g .  o f  l i t h i u m  
and 9 -7  g .  o f  b rom obenzene  i n  100 m l .  o f  a n h y d ro u s  e t h e r  was 
added  1^.6 g .  o f  t h e  k e t o —i n d e n o p y r i d i n e  X i n  a n h y d ro u s  e t h e r .  
A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  m i x t u r e  was h e a t e d  u n d e r  
r e f l u x  f o r  5 h r .  and t h e n  decomposed by t h e  a d d i t i o n  o f  w a t e r .  
The e t h e r  l a y e r  was s e p a r a t e d ,  and t h e  aq u eo u s  l a y e r  was ex­
t r a c t e d  t w i c e  w i t h  e t h e r .  The combined e t h e r  e x t r a c t s  were  
d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e  and t h e  e t h e r  was 
d i s t i l l e d  y i e l d i n g  ij.,5 g .  (72$)  o f  2 - m e t h y l —5 - h y d ro xy —5— 
p h e n y l —1 , 2 , 3 , 9b—h e x a h y d ro —l f r - i n d e n o f l , 2 , c ^ p y r i d i n e  (XI).
5k-
R e c r y s t a l l i z a t i o n  f rom  i s o p r o p y l  a l c o h o l  g a v a  p u r e  X I ,  m .p .  
188- 190° .
A n a l .  C a l c d .  f o r  Cl a Ha l N0: C, 8 1 . 6 8 ;  H, 7 . 5 7 .
Pounds C, 8 0 . 8 6 ;  H, 7 . 2 9 .
IR apao t ru m  (Mull  No. 9 1 1 ) :  1603 (W), li*93 (W),
769 (W), 752 (M), 72*4, 720 (W), 700 (M).
UV sp e c t r u m  ( X m a x .  ( l o g  £  ) ) :  Sh 2 5 3 ( 2 . 6 6 ) ,
258 ( 2 . 8 2 ) ,  265 ( 2 . 90 ) ,  272 ( 2 . 8 1 ) .
The h y d r o c h l o r i d e  o f  XI was p r e p a r e d  by s t a n d a r d  
p r o c e d u r e s  and m e l t e d  a t  208—210° ( d e c . ) .
A n a l .  C a l c d .  f o r  C19Ha a ClN0: C l ,  1 1 . 2 3 .
Pound :  C l ,  1 1 . 6 1 ;  11.2*3-
P r e p a r a t i o n  o f  2—Me t h y  1—5—pheny 1—2 .3.1*. 9b—t  e t  r a  hy  d r  o -  
l H - i n d e n o [ l . 2 . cl p y r i d i n e  ( X I I ) .— A s o l u t i o n  o f  3 -1  g .  o f
2 - m e th y l—5 -h y d r o x y —5—p h e n y l—1 , 2 , 3 > k> 1*®»9b—h e x a h y d ro —l l t - i n d  eno— 
[ l ,  2 ,  c l  p y r i d i n e  (XI) i n  50 m l .  o f  1*8$ h y d ro b ro m ic  a c i d  and 
50 m l .  o f  g l a c i a l  a c e t i o  a o i d  was h e a t e d  o n - t h e  s te a m  b a t h  f o r  
2 h r s .  The a c e t i c  a c i d  was removed by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e  on a s team  b a t h .  The r e m a i n i n g  s o l u t i o n  was 
made a l k a l i n e  w i t h  a q u eo u s  p o t a s s i u m  c a r b o n a t e ,  and t h e  o i l  
w h ic h  p r e c i p i t a t e d  was t a k e n  up i n  e t h e r .  The combined e t h e r  
e x t r a c t s  were  d r i e d  o v e r  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  and 
t h e  e t h e r  was removed by d i s t i l l a t i o n  y i e l d i n g  1 . 5  g .  (52$)  
o f  a waxy s o l i d .  Two r e c r y s t a l l i z a t i o n s  f rom  p e t r o l e u m  e t h e r  
g av e  p u r e  2 - m e th y l—5 - p h e n y l —2 , 3 , k> 9b—t e t r a h y d r o —1 3 - i n d e n o —
[ l , 2 , c ] p y r i d i n e  ( X I I ) ,  m .p .  1 1 1 - 1 1 2 . 5 ° .
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A n a l .  C a lc d .  f o r  C14H1#NO: C, 7 7 . 3 3 ;  H, 8 . 8 1 .
Pound :  C, 7 7 - 4 7 ;  H, 9 . 0 3 .
IR s p e c t r u m  (M ull  No. 1 0 0 6 ) :  3100 (B,M), 755 (M),
745.
P r e p a r a t i o n  o f  1—Me t h y l —3—pheny  l-4f»P i p e  r l d y l p h e n y 1— 
c a r b i n o l  ( V I I ) ♦— An e t h e r  s o l u t i o n  o f  5 g* ( 0 .0 1 8  m o le )  o f  
1 - m e t h y l —3—p h e n y l—4—b e n z o y l p i p e r i d i n e  ( I I I )  was added  d r o p -  
w i s e  t o  a s l u r r y  o f  2 g .  ( 0 .0 5 3  m ole )  o f  l i t h i u m  aluminum 
h y d r i d e  i n  300 m l .  o f  a n h y d ro u s  e t h e r .  There  was no v i s i b l e  
r e a c t i o n  d u r i n g  t h e  a d d i t i o n .  A f t e r  t h e  a d d i t i o n  was com­
p l e t e ,  t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  f o r  23 h r .  and t h e n  
decomposed by  t h e  c a u t i o u s  a d d i t i o n  o f  w a t e r .  The p r e c i p i t a t e  
was removed by f i l t r a t i o n ,  and  t h e  aq u eo u s  and o r g a n i c  l a y e r s  
w ere  s e p a r a t e d .  The aq u eo u s  l a y e r  was e x t r a c t e d  once  w i t h  
e t h e r .  The combined e t h e r  e x t r a c t s  were  d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was removed by d i s t i l l a t i o n  
y i e l d i n g  5 g- (100$)  o f  1—m e th y l—3—p h e n y l —4—p i p e r i d y l p h e n y l —  
c a r b i n o l  ( V I I ) .  Two r e c r y s t a l l i z a t i o n s  f rom  i a o p r o p y l  a l c o h o l  
gav e  p u r e  V II, m .p .  1 5 9 - 1 6 0 . 5 ° .
A n a l .  C a lc d .  f o r  Cl e Ha s N0: C, 8 1 . 1 0 ;  H, 8 .24*
Pound :  C, 8 1 .4 1 ;  H, 8 . 2 7 .
IR s p e c t r u m  (Mull  No. 1 1 5 7 ) :  3409 (W), 757 (M), 6 9 9 .
The h y d r o c h l o r i d e  was p r e p a r e d  and m e l t e d  a t  245—247° 
a f t e r  r e c r y s t a l l i z a t i o n  f ro m  i a o p r o p y l  a l o o h o l .
R e a ctio n s  o f  1—Me th y  1— 3—phe nv 1—4 —p ip e r id y lp h e n y  1— 
c a r b in o l  ( V I I ) .
a • W ith  48 #  Rydrobrom ic  Acid  and G l a c i a l  A o e t l o  A c i d .  P r e —
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pa r a t  I o n  o f  XIV.— A s o l u t i o n  o f  5 g .  o f  1 - m e t h y l —3—p h e n y l —4— 
p i p e r i d y l p h e n y l c a r b i n o l  ( V I I )  i n  50  m l .  o f  4®$ h y d ro b ro m ic  
a c i d  and 50 m l .  o f  g l a c i a l  a c e t i c  a c i d  was h e a t e d  on t h e  s te am  
b a t h  f o r  4  h r .  A f t e r  s t a n d i n g  o v e r n i g h t ,  t h e  a c e t i c  add was 
removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  The r e m a i n i n g  
a o i d i c  s o l u t i o n  was c o o le d  i n  an  i c e  b a t h  and made a l k a l i n e  
w i t h  a q u eo u s  p o t a s s i u m  o a r b o n a t e .  The m i x t u r e  was e x t r a c t e d  
s e v e r a l  t i m e s  w i t h  e t h e r .  The combined e t h e r  e x t r a c t s  were  
d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e  and t r e a t e d  w i t h  
N o r i t e ,  and t h e  e t h e r  was removed by d i s t i l l a t i o n .  A p a s t y  
p r o d u c t  r e m a in e d ,  and a f t e r  t r e a t m e n t  w i t h  p e t r o l e u m  e t h e r  
y i e l d e d  2 . 4  g .  (39$)  o f  a s o l i d  m a t e r i a l .  R e c r y s t a l l i z a t i o n  
f ro m  i s o p r o p y l  a l c o h o l  gave  p u r e  XIV, m .p .  209*-211°.
A n a l .  C a l c d .  f o r  Cx a Ha a BrN*C8H80 :  C, 65*34;  H, 7 . 4 8 ;
B r ,  1 9 . 7 6 .  P ound :  C, 6 5 . 1 3 ,  6 5 . 1 6 ;  H, 7 . 5 1 ,  7 . 3 7 ;  B r ,  1 9 . 9 5 .
IR spectrum (Mull No. 1 2 8 7 ) :  3 395 ,  U 6  (M), 7 34 ,  715 ,
(M), 698 .
UV s p e c t ru m  ( A max. ( l o g  £ ) ) :  Sh 2 5 2 ( 2 . 4 8 ) ,
2 5 8 ( 2 . 5 9 ) ,  2 6 3 ( 2 . 5 7 ) ,  2 6 9 ( 2 . 4 2 ) .
b .  W ith  48$  Hydrobromic  A d a  and G l a c i a l  A c e t i c  A c i d . P r e ­
p a r a t i o n  o f  XVI. — A s o l u t i o n  o f  5 g .  o f  1—m e t h y l —3—p h e n y l—4— 
p i p e r i d y l p h e n y l c a r b i n o l  ( V I I )  I n  50 m l .  o f  4®$ h y d ro b ro m ic  
a c i d  and 50 m l .  o f  g l a c i a l . a c e t i c  a c i d  was h e a t e d  on t h e  s t e a m  
b a t h  f o r  s e v e r a l  h o u r s .  A f t e r  t h e  m i x t u r e  s t o o d  o v e r n i g h t ,  
t h e  a o e t i c  a c i d  was removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  
p r e s s u r e .  The r e m a i n i n g  a c l d i o  s o l u t i o n  was made a l k a l i n e  
w i t h  a q u e o u s  p o t a s s i u m  o a r b o n a t e  and e x t r a c t e d  w i t h  e t h e r .
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Hie combined e t h e r  e x t r a c t s  w e re  t r e a t e d  w i t h  N o r i t e  and d r i e d  
o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was removed 
by d i s t i l l a t i o n .  Upon c o n c e n t r a t i o n  o f  t h e  e t h e r  s o l u t i o n  a 
s o l i d  b eg an  t o  p r e c i p i t a t e .  The p r e c i p i t a t e  was c o l l e c t e d  and 
washed w i t h  a n h y d ro u s  e t h e r  y i e l d i n g  1 g .  (20$)  o f  a n  i s o m e r i c  
a l c o h o l ,  XVI, m .p .  196—2 0 8 ° .  XVI gave  a n e g a t i v e  B e i l s t e i n  
t e s t ,  was s o l u b l e  i n  e t h e r  and i n s o l u b l e  i n  w a t e r .  Two r e -  
c r y s t a l l i z a t i o n s  f rom  l i g r o i n  ( b . p .  60—90°)  gave  p u r e  XVI, 
m .p .  195—199°•
A n a l .  C a lc d .  f o r  C19H8 a N0: C, 8 1 . 1 0 ;  H, 8 . 2 4 .
Pounds C, 8 1 . 0 0 ;  H, 8 . 1 8 .
IR s p e c t r u m  (M ul l  No. 1 3 3 8 ) :  3150 (B,M),  780 ,  700 .
UV s p e o t ru m  ( \ maJC. ( l o g  £  ) ) :  2 4 7 ( 2 . 4 6 ) ,  2 5 1 ( 2 . 5 5 ) ,  
2 5 7 ( 2 . 6 3 ) ,  Sh 2 6 0 ( 2 . 5 7 ) ,  2 6 3 ( 2 . 5 4 ) ,  2 6 7 ( 2 . 4 4 ) .
c .  W i th  48$  H ydrobrom ic  Acid  and G l a c i a l  A c e t i c  A d d . P r e ­
p a r a t i o n  o f  XV A s o l u t i o n  o f  1 7 . 1  g .  o f  1—m e t h y l —3— 
p h e n y l —4—p i p e r i d y l p h e n y l c a r b i n o l  ( V I I )  i n  60 m l .  o f  48$ h y d r o -  
bromic a c id  and 60 m l .  o f  g l a c i a l  a c e t i c  a c id  was h e a ted  on 
t h e  s te am  b a t h  f o r  1 h r .  The m i x t u r e  was a l l o w e d  t o  s t a n d  
o v e r n i g h t .  The a c e t i c  a c i d  was removed by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e ,  and t h e  r e m a in i n g  a c i d l o  s o l u t i o n  was made 
a l k a l i n e  w i t h  a q u e o u s  p o t a s s i u m  c a r b o n a t e .  The m i x t u r e  was 
e x t r a c t e d  w i t h  e t h e r .  The combined e t h e r  e x t r a c t s  w ere  d r i e d  
o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was removed 
by d i s t i l l a t i o n .  The r e s i d u e  was t r i t u r a t e d  w i t h  p e t r o l e u m  
e t h e r  y i e l d i n g  5*9 g .  (30$)  o f  a s o l i d  m a t e r i a l .  Washing t h e  
s o l i d  w i t h  l i g r o i n  ( b . p .  60—9 0 ° )  gave  p u r e  XV, m .p .  221—2 2 4 ° .
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XV was s o l u b l e  I n  w a t e r ,  I n s o l u b l e  i n  e t h e r  and g a v e  a p o s i t i v e  
s i l v e r  n i t r a t e  t e s t .
A n a l .  C a lc d .  f o r  C19H8aBrN: C, 6 6 . 2 8 ;  H, 6.^1}..
Pound :  C, 6 6 . 1 9 ;  H, 6 . 6 3 .
IR s p e c t r u m  (M ul l  No. 1 3 9 3 ) s I d e n t i c a l  w i t h  t h a t  o f
XIV.
O x i d a t i o n  o f  XVII w i t h  A c t i v a t e d  Manganese D io x id e  t o  
1—M ethy l—3—p h e n y l—ii—b e n z o y l p l p e r i d l n e  ( I I I ) .— A s o l u t i o n  o f  
0 . 5  g .  o f  XVII i n  50 m l .  o f  c h l o r o f o r m  was s t i r r e d  f o r  6 h r .  
w i t h  10 g .  o f  m anganese  d i o x i d e  which  was p r e p a r e d  by t h e  
method o f  A t t e n b u r r o w  e t  a l ^ 1- ^ .  The r e a c t i o n  m i x t u r e  was 
a l l o w e d  t o  s t a n d  o v e r n i g h t ,  and t h e  m anganese  d i o x i d e  was 
c o l l e c t e d  by f i l t r a t i o n  t h r o u g h  a f i n e  s i n t e r e d  g l a s s  f u n n e l .  
The y e l l o w  c h l o r o f o r m  s o l u t i o n  was c o n c e n t r a t e d  l e a v i n g  0 . 5  g .  
(100$)  o f  c r y s t a l s .  Two r e c r y s t a l l i z a t i o n s  f rom  i s o p r o p y l  
a l c o h o l  gavo a s o l i d ,  m .p .  108—1 1 0 ° .  T h i s  m a t e r i a l  d i d  n o t  
d e p r e s s  t h e  m e l t i n g  p o i n t  o f  a n  a u t h e n t i c  sam ple  o f  1—m e t h y l — 
3—p h e n y l —if—b e n z o y l p i p e r i d i n e  ( I I I ) .  The i n f r a r e d  a b s o r p t i o n  
s p e c t r u m  o f  t h e  p r o d u c t  o b t a i n e d  from t h i s  r e a c t i o n  was 
i d e n t i c a l  w i t h  t h a t  o f  a u t h e n t i c  I I I .
R e d u c t i o n  o f  M e thy l  1—M ethyl—3—p h e n y l l s o n i p e c o t a t e
(IV) w i t h  L i t h i u m  Aluminum H y d r i d e . A t t e m p te d  P r e p a r a t i o n  o f  
1—Me t h y  1—3—pheny  1—ii—p l p e  r  i d y  lme t h a  no 1 H y d r o c h l o r i d e  ( X V I I ) .—
A s o l u t i o n  o f  2 1 .3  g* ( 0 . 0 9  m o le )  o f  IV i n  a n h y d r o u s  e t h e r  
was added  d r o p w is e  t o  a s l u r r y  o f  2 g .  ( 0 . 0 5 3  m o le )  o f  l i t h i u m  
aluminum h y d r i d e  i n  300 m l .  o f  a n h y d ro u s  e t h e r .  When t h e
5 9 .
a d d i t i o n  was c o m p l e t e d ,  t h e  m i x t u r e  was h e a t e d  u n d e r  r e f l u x  
f o r  kB m in .  The e x c e s s  h y d r i d e  was decomposed by t h e  c a u t i o u s  
a d d i t i o n  o f  w a t e r .  The e t h e r  l a y e r  was s e p a r a t e d  and d r i e d  
o v e r  a n h y d ro u s  p o t a s s i u m  o a r b o n a t e .  A f t e r  r e m o v a l  o f  t h e  
c a r b o n a t e  by f i l t r a t i o n ,  a n h y d ro u s  h y d ro g e n  c h l o r i d e  was p a s s e d  
t h r o u g h  t h e  e t h e r  s o l u t i o n  p r e c i p i t a t i n g  2 2 .1  g .  (77%) o f  a 
h y d r o c h l o r i d e .  Two r e c r y s t a l l i z a t i o n s  f rom i s o p r o p y l  a l c o h o l  
gave  a p u r e  h y d r o c h l o r i d e ,  m .p .  295—298° .
A n a l .  C a lc d .  f o r  Cl a Ha o ClNO: C, 6ij. .58; H, 8.31*.
Pound :  C, 7 1 . 0 7 ,  7 1 .3 3 ;  H, 7.7*4-, 7 . 6 7 .
IR sp e c t r u m  (M u l l ,  No. 1 7 9 5 ) :  3278 (B,W), 7*4-7 (W),
710 (W~M).
R e a c t i o n  o f  XVII w i t h  T h io n y l  C h l o r i d e . P r e p a r a t i o n  
o f  1—Me t h y  1—3 -p h e n y l—h—p j p e r l  dvlme t h y l  C h l o r i d e  H y d r o c h l o r i d e  
(XVIIJ . ) . — XVII (7*9 g . )  was added  t o  30 m l .  o f  t h i o n y l  c h l o ­
r i d e  c o o le d  i n  an  I c e  b a t h ,  and t h e  m i x t u r e  was a l l o w e d  t o  
s t a n d  o v e r n i g h t .  The t h i o n y l  c h l o r i d e  was removed by d i s t i l ­
l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  on a s team  b a t h . .  Anhydrous 
b e n ze n e  ( 3O-*4-0 m l . )  was a d d e d ,  and t h e  ben ze n e  was removed by 
d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  The p r o c e s s  was r e ­
p e a t e d  w i t h  35 m l .  m ore .  A t a n  s o l i d  (3 g . ,  37%) was c o l l e c t e d .  
Two r e c r y s t a l l i z a t i o n s  f rom I s o p r o p y l  a l c o h o l  gave  p u r e  1— 
m e th y l—3—p h e n y l—l j# - p ip e r id y lm e th y l  c h l o r i d e  h y d r o c h l o r i d e
( X V I I I ) ,  m .p .  171^-176°.
A n a l .  C a l c d .  f o r  Cl a Hl 9C la N: C, 6 0 . 0 0 ;  H, 7 - 3 6 .
Pound :  C, 6 0 . 5 2 ,  6O . 2I4.; H, 7.5*4-, 7 . 6 0 .
60 .
IR s p e c t r u m  (M u l l ,  No. 1 5 6 0 ) :  780  (W), 751 ,  731+ (W-M),
695 .
A t te m p te d  R e a c t i o n s  o f  1—Me t h y l —3—pheny  l-4i—b enz  oy 1— 
p i p e r i d i n e  ( I I I ) .
a * W ith  B ro m in e .— A s o l u t i o n  o r  0 . 3  g .  o f  t h e  h y d r o b r o m id e  
o f  I I I  i n  25 m l .  o f  c h l o r o f o r m  was t r e a t e d  w i t h  0 . 1 7  g .  o f  
b ro m in e ,  and t h e  m i x t u r e  was h e a t e d  g e n t l y  u n d e r  r e f l u x  f o r  
30 m in .  The s o l v e n t  was removed by d i s t i l l a t i o n  u n d e r  r e ­
duced  p r e s s u r e ,  and m e th a n o l  was a d d e d .  P h e n o l  was added  t o  
d e s t r o y  any  e x c e s s  b rom ine  o r  p e r b r o m i d e .  Upon a d d i t i o n  o f  
e t h e r  a n  o r a n g e  o i l  p r e c i p i t a t e d .  A c h lo r o f o r m —e t h e r  m i x t u r e  
was used  t o  e f f e c t  c r y s t a l l i z a t i o n .  0 . 1  g .  o f  w h i t e  n e e d l e s ,  
m .p .  214.3—21^4°, was t h e  o n l y  p r o d u c t  i s o l a t e d .  The p r o d u c t  
was shown t o  be  i d e n t i c a l  w i t h  t h e  h y d ro b ro m id e  o f  I I I  by 
i n f r a r e d  a n a l y s i s  and by a mixed m e l t i n g  p o i n t  w i t h  an  
a u t h e n t i c  sam ple  o f  t h e  h y d ro b ro m id e  o f  I I I .
b .  W ith  Bromine i n  G - la c ia l  A c e t i c  A c i d .— The h y d r o b r o m id e  o f  
I I I  ( 2 . 1  g . )  was t r e a t e d  w i t h  1 m l .  o f  b rom ine  i n  60 m l .  o f  
g l a c i a l  a c e t i o  a c i d ,  and t h e  m i x t u r e  was i l l u m i n a t e d  f o r  9 h r .  
w i t h  a 1 5 0 - w a t t  i n c a n d e s c e n t  l am p .  Hydrogen b ro m id e  g a s  was 
e v o l v e d ,  and t h e  s o l u t i o n  changed  f rom  d a r k  r e d  t o  o r a n g e .
The m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  30 h r .  Most o f  t h e  a c e t i c  
a c i d  was removed by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  on t h e  
s te a m  b a t h .  The r e s i d u e  was d i s s o l v e d  i n  m e t h a n o l ,  and p h e n o l  
was added  t o  d e s t r o y  any  e x c e s s  b ro m ine  o r  p e r b r o m i d e .  The 
o i l  w h ich  p r e c i p i t a t e d  c r y s t a l l i z e d  upon a d d i t i o n  o f  a few
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d r o p s  o f  l s o p r o p y l  a l c o h o l .  1 .5 7  g .  ( 62$ )  o f  a w h i t e  s o l i d
(XIX),  m .p .  1 6 9 - 1 7 1 ° ,  was o b t a i n e d .
A n a l .  C a l c d .  f o r  C19Ha x Bra NO: C, 51*95 ;  H, i+.82.
Pound* C, 5 1 * 3 7 :  H, 4 . 7 7 .
IR s p e c t r u m  (M u l l ,  No. 1 5 9 0 ) :  1 6 66 ,  1595 (W),
751 (M), 701 .
UV s p e c t r u m  ( X m8X. ( l o g  €  ) ) :  2 5 2 ( 3 . 9 2 ) ,
33)4.(3*25).
A s m a l l  amount o f  XIX was c o n v e r t e d  t o  t h e  f r e e  b a s e .  
The s o l i d  o b t a i n e d  i n  t h i s  m anner  gave  a p o s i t i v e  B e i l s t e i n  
t e s t .
IR s p e c t r u m  (M u l l ,  No. 1886)  s 3440 ( B, M) , 33^0 ( B , S ) ,  
1642 (W), 1615 (M),  1595 (M),  765 (M),  702 (M).
UV s p e c t r u m  ( X max . ) =  23 8 ,  26 0 , 3 3 6 .
c . Unsuccessful Isomerization with 48$ Hydrobromic Acid.—
I l l  ( 0 . 3  g*)  was t r e a t e d  w i t h  20 m l .  o f  14.8$  h y d ro b ro m ic  a c i d ,  
and t h e  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  7 h r .  The m i x t u r e  
was t h e n  p o u re d  i n t o  c o ld  w a t e r ,  made a l k a l i n e  w i t h  aq u eo u s  
p o t a s s i u m  c a r b o n a t e ,  and e x t r a c t e d  w i t h  e t h e r .  The combined 
e t h e r  e x t r a c t s  w ere  d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e .  
Removal o f  t h e  e t h e r  by  d i s t i l l a t i o n  g av e  an  o i l  w h ich  c r y s ­
t a l l i z e d  upon  t r i t u r a t i o n  w i t h  p e t r o l e u m  e t h e r .  One r e c ry s* — 
t a l l i z a t i o n  f rom  p e t r o l e u m  e t h e r  gav e  w h i t e  n e e d l e s ,  m .p .  108— 
110° ,  w h ic h  d i d  n o t  d e p r e s s  t h e  m e l t i n g  p o i n t  o f  a n  a u t h e n t i c  
sam ple  o f  I I I .
d .  U n s u c c e s s f u l  I s o m e r i z a t i o n  w i t h  Sodium E t h o x i d e . I l l  
( 0 .5  g . )  was added  t o  a sodium e t h o x i d e  s o l u t i o n  p r e p a r e d
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f ro m  50 m l .  o f  a b s o l u t e  e t h a n o l  and sod ium  m e t a l  ( 0 . 1 0  g . ) .
The o l e a r  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  2lj. h r .  The 
e t h a n o l  was removed by d i s t i l l a t i o n  l e a v i n g  a n  o i l y  r e s i d u e  
w h ic h  c r y s t a l l i z e d  upon t r i t u r a t i o n  w i t h  p e t r o l e u m  e t h e r .  
R e c r y s t a l l i z a t i o n  f rom p e t r o l e u m  e t h e r  gav e  f i n e ,  f l o w e r y  
n e e d l e s ,  m .p .  108—1 0 9 ° .  Mixed m e l t i n g  p o i n t  o f  t h i s  p r o d u c t  
w i t h  a n  a u t h e n t i c  sam ple  o f  I I I  d i d  n o t  d e p r e s s .  I n f r a r e d
a n a l y s i s  o f  t h i s  p r o d u c t  showed i t  t o  be i d e n t i c a l  w i t h  t h e, 1
i n f r a r e d  s p e c t r u m  o f  I I I .
e .  U n s u c c e s s f u l  I s o m e r i z a t i o n  w i t h  Sodium H y d r id e  i n  R e f lu x — 
l n g  X y l e n e .— A s o l u t i o n  o f  I I I  ( 0 . 5  g . )  i n  x y l e n e  (J+O m l . )  
was t r e a t e d  w i t h  sodium h y d r i d e  ( 0 .0 6 5  g . ) ,  and t h e  m i x t u r e  
was h e a t e d  u n d e r  r e f l u x  f o r  2i | h r .  A f t e r  c o o l i n g  t h e  r e a c t i o n  
m i x t u r e ,  g l a c i a l  a c e t i c  a c i d  ( 0 .1 6  g . )  was added  f o l l o w e d  by 
t h e  a d d i t i o n  o f  w a t e r .  The o r g a n i c  l a y e r  was e x t r a c t e d  w i t h  
d i l u t e  h y d r o c h l o r i c  a c i d ,  and t h e  a o i d  e x t r a c t s  were  made 
a l k a l i n e  w i t h  a q u eo u s  sodium c a r b o n a t e .  The o i l  w h ich  p r e ­
c i p i t a t e d  was t a k e n  up I n  e t h e r .  The e t h e r  s o l u t i o n  was d r i e d  
o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  and t h e  e t h e r  was d i s ­
t i l l e d  l e a v i n g  a s o l i d  m a t e r i a l .  R e c r y s t a l l i z a t i o n  f rom  
p e t r o l e u m  e t h e r  gave  w h i t e  n e e d l e s ,  m .p .  107—1 0 8 ° .  Mixed 
m e l t i n g  p o i n t  o f  t h i s  p r o d u c t  w i t h  a n  a u t h e n t i c  sam ple  o f  I I I  
d i d  n o t  d e p r e s s .
f . U n s u c c e s s f u l  I s o m e r i z a t i o n  w i t h  V i n y l  A c e t a t e  and S u l f u r i c  
A c i d .— I l l  ( 1 . 0  g . )  was t r e a t e d  w i t h  v i n y l  a c e t a t e  ( 8 . 8  m l . )  
and s u l f u r i c  a c i d  ( 0 .0 1  m l . ) .  The m i x t u r e  was h e a t e d  u n d e r  
r e f l u x  f o r  3 h r*  The s o l u t i o n  was c o n c e n t r a t e d  t o  one—h a l f
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i t s  o r i g i n a l  vo lu m e ,  and t h e  s o l u t i o n  was c o o l e d .  When e b h e r  
was a d d e d ,  a gummy s u b s t a n c e  p r e c i p i t a t e d .  Aqueous p o t a s s i u m  
c a r b o n a t e  was a d d e d ,  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  e t h e r .  
The e t h e r  was d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  o a r b o n a t e ,  and 
t h e  e t h e r  was d i s t i l l e d .  The r e s i d u e  was h e a t e d  w i t h  p e t r o ­
leum e t h e r  and t h e n  c o o l e d ,  w hereupon  f i n e ,  f l o w e r y  n e e d l e s ,  
m .p .  107—1 0 9 ° ,  were  o b t a i n e d .  Mixed m e l t i n g  p o i n t  o f  t h i s  
p r o d u c t  w i t h  an  a u t h e n t i c  sam ple  o f  I I I  d id  n o t  d e p r e s s .
S u l f u r  D e h y d r o g e n a t i o n  o f  1—Me t h y l —3—ph e n y l—4.—b e n z o y l — 
p i p e r i d i n e  ( I I I ) . P r e p a r a t i o n  o f  3—P h e n y l—4 - b e n z o y l p y r l d i n e
(XX).— 1—M ethy l—3—p h e n y l —4-—b e n z o y l p i p e r i d i n e  ( I I I )  ( 1 2 .3  g .§
0 .0 4 4  m o le )  and s u l f u r  (4-.5 g . ;  0 . 14-1 g—atom) were  h e a t e d  i n  
a 100 m l .  round—bo t to m e d  f l a s k  i n  a Wood's  m e t a l  b a t h .  The 
t e m p e r a t u r e  o f  t h e  b a t h  was g r a d u a l l y  i n c r e a s e d ,  and a t  a b o u t  
120° t h e  e v o l u t i o n  o f  h y d r o g e n  s u l f i d e  b e g a n .  The t e m p e r a t u r e  
was i n c r e a s e d  and k e p t  c o n s t a n t  a t  l 8 0 ° . A f t e r  45 m i n u t e s  o f  
h e a t i n g  t h e  e v o l u t i o n  o f  h y d r o g e n  s u l f i d e  had c e a s e d .  H e a t i n g  
was c o n t i n u e d  f o r  15 m i n u t e s  l o n g e r .  The d a r k  r e d  m i x t u r e  was 
c o o l e d  t o  room t e m p e r a t u r e  and e x t r a c t e d  w i t h  e t h e r .  The d a r k  
r e d  e t h e r e a l  s o l u t i o n  was f i l t e r e d ,  and t h e n  e x t r a c t e d  5 t im e s  
w i t h  50—m l.  p o r t i o n s  o f  d i l u t e  h y d r o c h l o r i c  a c i d .  The a c i d  
e x t r a c t  was made a l k a l i n e  w i t h  a q u eo u s  sodium c a r b o n a t e .  The 
r e d  o i l  w h ich  p r e c i p i t a t e d  was t a k e n  up i n  e t h e r .  The com­
b i n e d  e t h e r  e x t r a c t s  were  t r e a t e d  w i t h  N o r i t e ,  d r i e d  o v e r  an­
h y d r o u s  p o t a s s i u m  c a r b o n a t e  and f i l t e r e d .  A f t e r  r em o va l  o f
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t h e  o t h e r  by  d i s t i l l a t i o n ,  an  o i l  ( 6 . 5  g . ;  57$) r e m a in e d .
T r e a tm e n t  o f  t h e  o i l  w i t h  p e t r o l e u m  e t h e r  ( b . p .  3 0 - 6 0 ° )  gave
5.3 g. o f  c r y s t a l l i n e  m a t e r i a l ,  m.p. 110—1 1 3 ° .  R e c r y s t a l —
l i z a t i o n  f ro m  e t h y l  e t h e r  gave  . 9 g .  o f  p u r e  3—p h e n y l —1*—
0
b e n z o y l p y r i d i n e  (XX), m .p .  111*^-115 .
A n a l .  C a lc d .  f o r  Cl a Hi a N0: C, 8 3 - 3 7 ;  H, 5 . 0 5 .
Pound :  C, 8 3 . 0 7 ; H, 5 - 1 ^ -
IR s p e c t r u m  (M u l l ,  No. 2 7 3 9 ) :  301*0 (W), 1672,  11*80 
(W), 11+.50 (M), 11*02 (W), 1311* (M), 91*0, 927 (M), 81*6, 801 (W), 
783,  765 (W), 757 ,  707 ,  700.
UV spectrum ( X m a x . (log € ) ) :  21*8(1*.3 6 ) ,  290(3.70).
P r e p a r a t i o n  o f  1—M ethy l—3—p h e n y l—lt<—b e n z o v l p y r i d i n l u m  
Bromide (X X I) .— A s o l u t i o n  o f  6 . 5  g .  o f  im pure  3—p h e n y l—1*— 
b e n z o y l p y r i d i n e  (XX) i n  1*0 m l .  o f  a c e t o n e  was s a t u r a t e d  w i t h  
m e t h y l  b r o m id e .  The f l a s k  was t i g h t l y  s t o p p e r e d  and a l l o w e d  
t o  s t a n d  o v e r n i g h t .  The f l a s k  was c o o l e d ,  and t h e  s t o p p e r  
was rem oved .  The s o l u t i o n  was c o n c e n t r a t e d  on t h e  s te a m  b a t h .  
Upon c o o l i n g  a c r y s t a l l i n e  s o l i d  ( 2 . 5  g . )  p r e c i p i t a t e d .  The 
m o th e r  l i q u o r  was s a t u r a t e d  a g a i n  w i t h  m e t h y l  b r o m id e ,  and 
t h e  f o r e g o i n g  p r o c e d u r e  was r e p e a t e d  y i e l d i n g  an  a d d i t i o n a l  
2 . 8  g .  o f  s o l i d .  The t o t a l  y i e l d  o f  1—m e t h y l —3—p h e n y l —1*— 
b e n z o y l p y r i d i n i u m  b rom ide  (XXI) was 5*3 g .  ( 6 0 $ ) .  R e c r y s t a l — 
l i z a t i o n  f rom  a c e t o n e  g a v e  p u r e  XXI, m .p .  221*.5—2 2 6 ° .
A n a l .  C a l c d .  f o r  Cl a Hl a BrN0: C, 61*. 1*2; H, 1*.55*
Pound :  C, 61*.53; H, 1*.68.
IR s p e c t r u m  (M u l l ,  No. 2 7 5 9 ) :  2965 (M), 2920 (M), 
1670 ,  1636 (W), 11*50 (M), 770 (W), 755 (W), 72l* (W),
65 .
710 (M), 695 (M).
C a t a l y t i c  H y d r o g e n a t i o n  o f  1—Me th y  1—3—pheny  l —k— 
b e n z o y l p y r l d l n i u m  Bromide (X X I) . P r e p a r a t i o n  o f  1—M ethy l—3— 
pheny  l - 4 w > i p e r l d y l p h e n y l  C a r b i n o l  (XXII) .— A s o l u t i o n  o f  
5 - 3  g .  o f  1-Haethyl—3—p h e n y l—Ij—b e n z o y l p y r i d i n i u m  b rom ide  (XXI)
I n  50 m l .  o f  m e th a n o l  was r e d u c e d  w i t h  h y d r o g e n  a t  low p r e s s u r e  
o v e r  0 . 2  g .  o f  p l a t i n u m  o x id e  f o r  19 h o u r s .  The c a t a l y s t  was 
c o l l e c t e d  by f i l t r a t i o n ,  and t h e  s o l v e n t  was removed by d i s t i l ­
l a t i o n .  The r e s i d u e  was d i s s o l v e d  I n  w a t e r ,  and t h e  s o l u t i o n  
was made a l k a l i n e  w i t h  a q u eo us  sodium c a r b o n a t e .  The w h i t e  
s o l i d  whioh  p r e c i p i t a t e d  was t a k e n  up i n  e t h e r .  The e t h e r e a l  
s o l u t i o n  was d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  f i l ­
t e r e d  and t h e  e t h e r  was removed by d i s t i l l a t i o n .  A p a s t y  o i l  
( 3 . 5  g . ?  75#) r e m a in e d .
The o i l  was s u b j e c t e d  t o  c h ro m a to g r a p h y  o v e r  a column 
(22 cm. x  3 cm.)  o f  F l o r i s i l  ( 1 0 0 /2 0 0  m e s h ) .  A s o l u t i o n  o f  
t h e  o i l  i n  l i g r o i n  ( b . p  6 0 - 9 0 ° )  was p l a c e d  on t h e  F l o r i s i l .  
F r a c t i o n s  1—J4. were  c o l l e c t e d  u s i n g  l i g r o i n  ( b . p .  60—90°)  a s  
t h e  e l u e n t  and c o n t a i n e d  n o t h i n g .  F r a c t i o n s  5—8 w ere  c o l ­
l e c t e d  u s i n g  b e n z e n e  a s  t h e  e l u e n t  and c o n t a i n e d  n o t h i n g .  
F r a c t i o n s  9 -1 2  were  c o l l e c t e d  u s i n g  c h l o r o f o r m  a s  t h e  e l u e n t .  
F r a c t i o n  9 was b l a n k .  F r a c t i o n s  10—12 y i e l d e d  a t o t a l  o f  
1 . 5  g .  (32#)  o f  a s o l i d ,  m .p .  l l i f —1 1 8 ° .  F r a c t i o n s  lii—16 were 
c o l l e c t e d  u s i n g  m e t h a n o l  a s  t h e  e l u e n t .  F r a c t i o n  II4. c o n t a i n e d  
o n l y  a t r a c e  o f  o i l .  F r a c t i o n  15 c o n t a i n e d  a n  o i l  whose i n ­
f r a r e d  s p e c t r u m  ( s m e a r ,  No. 8 ( I n f r a c o r d ) )  showed b r o a d
66.
h y d r o x y l  a b s o r p t i o n  a t  3300  ora*"1 and b ro a d  c a r b o n y l  a b s o r p ­
t i o n  a t  a b o u t  1665 cm*"1 .
The s o l i d  o b t a i n e d  f rom  f r a c t i o n s  10—12 was r e c r y s t a l — 
l i z e d  f ro m  p e t r o l e u m  e t h e r  ( b . p .  30—6 0 ° )  y i e l d i n g  0 . 6  g .  o f  
c o l o r l e s s  n e e d l e s  o f  1 - m e t h y l —3—p h e n y l—i ^ - p i p e r i d y l p h e n y l  c a r ­
b i n o l ,  m .p .  1 1 9 . 5 - 1 2 1 ° .
A n a l .  C a lc d .  f o r  ClQHa a N0: C, 8 1 .1 0 ;  H, 8 . 2 4 .
Found:  C, 8 1 . 3 2 ;  H, 8 . 3 5 .
IR s p e c t r u m  (M u l l ,  No. 2 8 3 5 ) :  3260 ,  30if0 (W), 3005
(W), 2910 (M), 2855 (W), 2820 (W), 2750 (M), 2710 (W), 765 (M), 
70l|-, 696 .
Sodium B orohydrj .de  R e d u c t io n  o f  3—pheny 1-44—benzoy  1— 
p y r i d i n e  (XX). P r e p a r a t i o n o f  3—P h e n y l— p y r l d y l p h e n y l  Car*- 
b i n o l  ( X X I I I ) . — Sodium b o r o h y d r i d e  (1 g . ;  0 .0 2 6  m ole )  was 
added i n  s m a l l  p o r t i o n s  w i t h  s t i r r i n g  t o  a s o l u t i o n  o f  2 . 1  g .  
( 0 .0 0 8  m o le )  o f  3—p h en yI-J4—b e n z o y l p y r i d i n e  (XX) i n  50 m l .  o f  
m e t h a n o l .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  s t i r r i n g  was con­
t i n u e d  f o r  0 . 5  h r .  The s o l v e n t  was removed by d i s t i l l a t i o n ,  
w a t e r  was added  and t h e  m i x t u r e  was e x t r a c t e d  w i t h  c h l o r o f o r m .  
Upon re m o v a l  o f  t h e  s o l v e n t  an  o i l  r e m a in e d .  C r y s t a l l i z a t i o n  
o f  t h e  o i l  was e f f e c t e d  w i t h  p e t r o l e u m  e t h e r  ( b . p .  30—6 0 ° )  t o  
g i v e  1 . 7  g .  (80$)  o f  3—p h e n y l - 4 —p y r i d y l p h e n y l  c a r b i n o l  ( X X I I I ) .  
R e c r y s t a l l i z a t i o n  f rom  p e t r o l e u m  e t h e r  gave  p u r e  X X I I I ,  m .p .  
142-H4.30 .
A n a l .  C a l c d .  f o r  Cl e Hx a N0; C, 8 2 . 7 3 ;  H, 5 - 7 9 .
Found :  C, 8 2 . 8 2 ;  H, 5 . 7 3 .
IR s p e c t r u m  (M u l l ,  No. 3 0 5 8 ) :  3100 ( B , S ) ,  28^0 (B,M),
1080 (W), 1053 (M), 760 (M), 755, 695 .
6 7 .
P r e p a r a t i o n  o f  3—P h e n y l—k—p y r l d y l p h e n y l  C a r b i n o l  
Methobromlde  ( X X I V ) A s o l u t i o n  o f  1 . 7  g .  o f  3—pheny  1-4]^- 
p y r l d y l p h e n y l  o a r b l n o l  (X X II I )  i n  a o e t o n e  was s a t u r a t e d  w i t h  
m e t h y l  b r o m id e .  A f t e r  s t a n d i n g  f o r  1 h o u r ,  c o l o r l e s s  c r y s ­
t a l s  p r e c i p i t a t e d  t o  g i v e  2 . 1 5  g .  (93$)  o f  3—p h e n y l-4 j^ -p y r id y l— 
p h e n y l  o a r b i n o l  m e thobrom lde  (XXIV), m .p .  221—2 2 3 ° .  R e c ry s ­
t a l l i z e  t i o n  from a n  a o e t o n e —i s o p r o p y l  a l c o h o l  m i x t u r e  d i d  n o t  
r a i s e  t h e  m e l t i n g  p o i n t .
Anal. Calcd. for CXaHlaBrNO: C, 61]..05; H, 5 . 0 9 .
Pou n d :  C, 61^.32; H, 5 . 3 3 .
IR s p e c t r u m  (M u l l ,  No. 3 0 7 6 ) :  3180 ,  3010 (M), 2930
(W), 1635 (M), 1055 (M), 769 (M), 750 (M), 735 ,  720,  701]., 6 9 6 .
Sodium B o r o h v d r ld e  R e d u c t io n  o f  3—P h e n y l—k f - p y r id y l — 
p h e n y l  C a r b i n o l  M ethobromlde  (XXIV). P r e p a r a t i o n  o f  1—M ethy l—
3—p h e n y l—1 . 2 . 5 . 6 —t e t r a h y d r o - I W p y r l d y l p h e n y l  C a r b i n o l  (XXV).—
To a s o l u t i o n  o f  2 g .  o f  3—p h e n y l—1}^—p y r l d y l p h e n y l  o a r b i n o l  
m eth o b rom ld e  (XXIV) i n  50 m l .  o f  m e t h a n o l  was added  i n  s m a l l  
p o r t i o n s ,  3 g .  o f  sodium b o r o h y d r i d e .  . A f t e r  b e i n g  s t i r r e d  a t  
room t e m p e r a t u r e  f o r  30 m i n . ,  t h e  m e t h a n o l  s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s  on t h e  s te am  b a t h .  The s o l i d  r e s i d u e  
was d i s s o l v e d  i n  w a t e r ,  and t h e  a q u eo u s  s o l u t i o n  was e x t r a c t e d  
s e v e r a l  t i m e s  w i t h  e t h e r .  A f t e r  d r y i n g  t h e  e x t r a c t s  o v e r  an­
h y d r o u s  p o t a s s i u m  o a r b o n a t e ,  t h e  e t h e r  was removed by d i s t i l ­
l a t i o n  y i e l d i n g  1 . 3  g .  (8i].$) o f  a s o l i d  m a t e r i a l ,  m .p .  153— 
1 5 5 ° .  R e c r y s t a l l i z a t i o n  f rom  a n  e t h a n o l —w a t e r  m i x t u r e  gave  
1 . 1  g .  o f  p u r e  1—m e th y l—3—p h e n y l—1 , 2 , 5 , 6 —t e t r a h y d r o - 4 —p y r i d y l —
p h e n y l  c a r b i n o l  (XXV), m. p .  154*5—1 5 6 ° .
Anal. Calcd. for C19HalNO: C, 8 1 . 6 ? ;  H, 7*58.
P o u nd :  C, 8 1 . 6 6 ;  H, 7*56 .
IR s p e c t r u m  (M u l l ,  No. 3 0 9 9 ) :  3070 (B,W), 776 (W-M),
759 ,  715 ,  696.
UV s p e c t r u m :  No a b s o r p t i o n  maxima above  230 mu.
O x i d a t i o n  o f  1—M ethy l— 3—pheny 1—1 . 2 . 5 . 6 —t e t r a h y d r o - 4 — 
p y r l d y l p h e n y l  C a r b i n o l  (XXV) w i t h  A c t i v a t e d  Manganese D i o x i d e .  
A t t e m p te d  P r e p a r a t i o n  o f  1—M ethyl—3—p h e n y l—1 . 2 . 5 . 6 —t e t r a h y d r o —
4—p y r l d y l p h e n y l  K e tone  (XXVI).— A s o l u t i o n  o f  0 .3 7 5  g* o f  1— 
m e th y l—3—p h e n y l—1 , 2 , 5 , 6 —t e t r a h y d r o —4—p y r l d y l p h e n y l  c a r b l n o l  
(XXV) i n  50 m l .  o f  c h lo r o f o r m  was s t i r r e d  f o r  3 b r .  w i t h  8 g .  
o f  a c t i v a t e d  m anganese  d i o x i d e .  The m anganese  d i o x i d e  was 
removed by f i l t r a t i o n  t h r o u g h  a f i n e ,  s i n t e r e d  g l a s s  f u n n e l .
To t h e  c h l o r o f o r m  s o l u t i o n  8 g .  o f  m anganese  d i o x i d e  a g a i n  
was a d d e d ,  and t h e  m i x t u r e  was s t i r r e d  f o r  3 h r .  The f i l t r a ­
t i o n  was r e p e a t e d .  A g a in  8 g .  o f  m anganese  d i o x i d e  was a d d e d ,  
and t h e  m i x t u r e  was s t i r r e d  f o r  4*5 h i1. The f i l t r a t i o n  was 
r e p e a t e d .  The c h l o r o f o r m  s o l u t i o n  was t r e a t e d  w i t h  N o r i t e  
and f i l t e r e d ,  and t h e  c h l o r o f o r m  was removed by d i s t i l l a t i o n .
The r e s i d u e  was t a k e n  up i n  e t h e r ,  and t h e  e t h e r  s o l u t i o n  was 
t r e a t e d  w i t h  N o r i t e .  C o n c e n t r a t i o n  o f  t h e  c o l o r l e s s  e t h e r  
s o l u t i o n  g a v e  0 . 1 9  g* o f  a n  o i l  w h ich  c o u ld  n o t  be c r y s t a l l i z e d .
IR s p e c t r u m  ( F i lm ,  No. 3 1 8 1 ) :  3440 (B,M),  3030 (M),
1655 ( B , S ) ,  1175 (M), 1072 (M), 940 (M), 764  ( B , S ) ,  700 ( B , S ) .
UV s p e c t r u m  ( X m a x . ) :  Sh 2 50 ,  Sh 2 8 8 ,  Sh 345*
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P r e p a r a t i o n  o f  1—M ethy l—h—c y a n o p y r l d l n l u m  Bromide 
( X X V II I ) .— A s o l u t i o n  o f  20 g .  o f  ij—o y a n o p y r l d i n e  (XXVII) i n  
75 m l .  o f  a o e t o n e  was s a t u r a t e d  w i t h  m e t h y l  b r o m id e .  The 
f l a s k  was t i g h t l y  s t o p p e r e d  and a l l o w e d  t o  s t a n d  f o r  2 d a y s ,  
w h e reup o n  3 2 .5  g .  (85$)  o f  1—m e th y l - J j i - c y a n o p y r id in iu m  b ro m id e  
(X X V III ) ,  m .p .  219—2 2 0 ° ,  were  c o l l e c t e d .  R e c r y s t a l l i z a t i o n  
o f  t h e  s o l i d  f rom  i s o p r o p y l  a l c o h o l  gav e  p u r e  XXVIII ,  m .p .  
225- 227° ( d e c . ) .
A n a l .  C a lc d .  f o r  C7H7BrN8 : B r ,  14-0.15; Pound :  I4.O.2 3 .
IR s p e c t r u m  (M u l l ,  No. 2 0 9 2 ) :  3080 (M), 2975,  2214.0
(W), 1631 (M), 858 ,  717 (W).
Sodium B o r o h y d r l d e  R e d u c t io n  o f  1—Methy 1—li<-cyano— 
p y r i d l n i u m  Bromide (X X V II I ) . P r e p a r a t i o n  o f  1—M ethy l—1 . 2 . 3 . 
k - t e t r a h y d r o l s c n l c o t l n o n i t r i l e  (XXIX).— To a s o l u t i o n  o f  20
g .  ( 0 . 1 0  m ole )  o f  l - m e t h y l —14—o y a n o p y r i d i n iu m  brom ide  (XXVIII) 
i n  125  m l .  o f  m e t h a n o l  was added  1|.65  g .  ( 0 .1 2  m ole )  o f  sodium 
b o r o h y d r i d e  p o r t i o n w i s e .  The e x o th e r m i c  r e a c t i o n  was moder— 
s t e d  by e x t e r n a l  c o o l i n g  w i t h  a n  i c e  b a t h .  A f t e r  b e i n g  s t i r r e d  
a t  room t e m p e r a t u r e  f o r  15 m i n . ,  t h e  m e t h a n o l  s o l u t i o n  was 
e v a p o r a t e d  t o  d r y n e s s  on t h e  s te am  b a t h .  The semi—s o l i d  r e s i ­
due was d i s s o l v e d  i n  w a t e r ,  s a t u r a t e d  w i t h  a n h y d ro u s  p o t a s s i u m  
c a r b o n a t e ,  and t h e  m i x t u r e  was e x t r a c t e d  s e v e r a l  t i m e s  w i t h  
e t h e r .  A f t e r  d r y i n g  o v e r  p o t a s s i u m  c a r b o n a t e ,  t h e  e t h e r  
s o l u t i o n  was c o n c e n t r a t e d ,  and t h e  r e s i d u a l  o i l  was d i s t i l l e d  
u n d e r  0 . 7  mm. o f  p r e s s u r e .  1—M ethy l—1 , 2 , 3 , 6—t e t r a h y d r o i s o — 
n i c o t i n o n i t r i l e  (XXIX) was c o l l e c t e d  i n  two f r a c t i o n s :  b . p .  85—
7 0 .
8 8 ° ,  n 2<^ 1 .4 9 6 7 ;  and b . p .  88—9 0 ° ,  n 2 ^ 1 . ^ 9 6 7 . The t o t a l  y i e l d  
o f  XXIX was 8 . 7  g .  ( 7 0 $ ) .
An a n a l y s i s  o f  t h i s  p r o d u c t  was n o t  o b t a i n e d ,  s i n c e  
t h e  o i l  decomposed r a p i d l y  and t h e  i n f r a r e d  a b s o r p t i o n  
s p e c t r u m  i n d i c a t e d  t h a t  o t h e r  p r o d u c t s  w ere  p r e s e n t .
IR s p e c t r u m  ( F i l m ,  No. 2 0 8 5 ) :  3040 (W), 2935 ,  2835
(M), 2780 ,  2235 (W), 2215 (M), 1642 ,  1592 (M), 1380 (M).
UV s p e c t r u m  ( X m a x . ) 1 2^6> 397-
R e a c t i o n  o f  1—Me t h y 1—1 . 2 . 3 . 6 —t e  t  r a  hyd r o 1s on i  c o t  i n o — 
n i t r l l e  (XXIX) w i t h  Pheny lm agnes lum  B r o m id e .— To a s t i r r e d  
s o l u t i o n  o f  p heny lm agnes ium  b rom id e  ( 0 .2 1 4  m o le )  p r e p a r e d  
f rom  5 - 2  g .  ( 0 .2 1 4  g . —atom ) o f  magnesium and 34  g .  ( 0 .2 1 5  
m ole )  o f  b rom obenzene  i n  300 m l .  o f  a n h y d ro u s  e t h e r  was added 
d r o p w is e  8 . 7  g .  ( 0 . 0 7 2  mo3.e) o f  1—m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o — 
i s o n i c o t i n o n i t r i l e  (XXIX). The m i x t u r e  was s t i r r e d  and 
h e a t e d  u n d e r  r e f l u x  f o r  2 h r .  and a l l o w e d  t o  s t a n d  o v e r n i g h t .  
To t h e  s t i r r e d  r e a c t i o n  m i x t u r e ,  c o o l e d  i n  a n  i c e  b a t h ,  was 
added  d r o p w is e  an a q u eou s  s o l u t i o n  o f  ammonium c h l o r i d e .  The 
e t h e r  l a y e r  was s e p a r a t e d  and e x t r a c t e d  w i t h  h y d r o c h l o r i c  
a c i d  ( 2 0 $ ) .  The a c i d  e x t r a c t  was c o o l e d  i n  i c e  and made a l ­
k a l i n e  w i t h  40$ a q u eo u s  p o t a s s i u m  c a r b o n a t e .  The o i l  w h ich  
p r e c i p i t a t e d  was t a k e n  up i n  e t h e r ,  and t h e  e t h e r  e x t r a c t s  
w ere  d r i e d  o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e .  F i l t r a t i o n  
and c o n c e n t r a t i o n  o f  t h e  e t h e r  s o l u t i o n  g a v e  a d a r k  r e d  o i l .  
The o i l  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  g i v e  two 
f r a c t i o n s :  5 . 9  g . ,  b . p .  165—1 7 0 ° / 2 0  mm.; and 2 . 6  g . ,  b . p .  170— 
204°/2 0  mm.
7 1 .
F r a c t i o n  1
IR sp e o t r u m  ( F i l m ,  No. 2 1 0 2 ) :  30J4.O (W), 2917 (M),
2825 (W), 2770 (M), 2210 (W), 1660 ,  1595 (M), 755 (M), 7i+5 
(M), 719 (W), 696.
UV s p e c t r u m  ( X m a x . ) -  252 ,  Sh 3 3 0 - 3 3 5 .
F r a c t i o n  2
IR s p e c t r u m  ( F i l m ,  No. 2 1 0 3 ) :  30lj.O (M), 3010 (M),
2 9 2 0 , 2825,  2770 ,  2230  (W), 1681  ( B , S ) , 7 58 ,  6 9 8 .
Sodium B o r o h y d r ld e  R e d u c t io n  o f  1—M ethy l—it—b e n z o y l —
p y r l d l n l u m  Bromide (XXXI). P r e p a r a t i o n  o f  1—Me t h y 1—1 . 2 . 3 . 6—-
t e t r a h y d r o - 4 i —p y r l d y l p h e n y l  C a r b l n o l  (XXXII) .— A s o l u t i o n  o f
32  g .  ( 0 .1 1 5  m ole )  o f  1—me t h y  1— benz  oy I p y r i d  in iu m  b rom id e
(XXXI) I n  150 m l .  o f  m e t h a n o l  was t r e a t e d  w i t h  8 g .  ( 0 . 2 1
m ole )  o f  sodium b o r o h y d r l d e  i n  e s s e n t i a l l y  t h e  same m anner  a s  
( 1 3 )t h a t  o f  K e r l i n  . I n  t h i s  way, 1—m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o ­
il.—p y r l d y l p h e n y l  c a r b i n o l  (XXXII) was p r e p a r e d  i n  50—55$ y i e l d s .
O x i d a t i o n  o f  1—M e thy l—1 . 2 . 3 . 6—t e t r a h y d r o - i i —p y r i d y l — 
p h e n y l  C a r b l n o l  (XXXII) w i t h  A c t i v a t e d  Manganese D i o x i d e . 
P r e p a r a t i o n  o f  1—M ethy l—1 . 2 . 3 . 6—t e t r a h y d r o —i i / - p y r i d y lp h e n y l  
K e to ne  (X X X II I ) .— A s o l u t i o n  o f  9 g .  o f  1—m e th y l—1 , 2 , 3 , 6— 
t e t r a h y d r o - 4 —p y r l d y l p h e n y l  c a r b i n o l  (XXXII) i n  125 m l .  o f  
c h l o r o f o r m  was s t i r r e d  f o r  II4. h r .  w i t h  65 g .  o f  a c t i v a t e d  
m anganese  d i o x i d e .  The m anganese  d i o x i d e  was removed by 
f i l t r a t i o n  t h r o u g h  a s i n t e r e d  g l a s s  f u n n e l  w h ic h  was p a ck ed  
w i t h  F i l t e r —c e l . The f i l t r a t e  was c o n c e n t r a t e d  on a s te a m  
b a t h  u s i n g  a R inco  e v a p o r a t o r .  I t  was n e c e s s a r y  t o  c o n t r o l
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t h e  s t e a m  so  t h a t  t h e  t e m p e r a t u r e  o f  t h e  f l a s k  re m a in e d  c l o s e  
t o  room t e m p e r a t u r e ,  o t h e r w i s e  e x t e n s i v e  d e c o m p o s i t i o n  o c c u r r e d .  
A d a r k  r e d  o i l  ( 8 . 5  g . )  was o b t a i n e d .  A l l  a t t e m p t s  a t  c r y s ­
t a l l i z a t i o n  w ere  u n s u c c e s s f u l .
IR s p e c t r u m  ( F i l m ,  No. 2 1 2 2 ) :  301*0 (W), 2920 (M), 2825
(W), 2770 (M), 161*5 ( B , S ) ,  1375 (M), 775 (W), 750 (M), 700.
A p i c r a t e  o f  t h e  o i l  was p r e p a r e d  i n  t h e  u s u a l  m ann e r .  
The y e l l o w  s o l i d  was r e c r y s t a l l i z e d  t w i c e  f rom 95$ e t h a n o l  
g i v i n g  t h e  p i c r a t e  o f  1—m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o —1*—p y r i d y  1—  
p h e n y l  k e t o n e  (XX X III ) ,  m .p .  159 -161°  ( d e c . ) .
A n a l .  C a l c d . f o r  Cx«Hl e N0*CeH»NB0T s C, 5 3 - 0 2 ;  H, i*.22.  
Foundr  c, 5 3 - 0 3 ;  H, 1+.37-
IR s p e c t r u m  ( M u l l ,  No. 2 1 3 0 ) :  291*0 (B,W), 161*0 (W),
1625 (M), 1608 (M), 1360 (M), 781 (W), 71*0 (W), 700 (M).
R e a c t i o n  o f  1—Methyl—1 . 2 . 3 . 6 —t e t r a h y d r o - ^ - p y r l d y l -  
p h e n v l  K e to n e  (XXXIII) w i t h  Pheny lm agnes lum  Bromide i n  t h e  
P r e s e n c e  o f  Cuprous C h l o r i d e . — To a s t i r r e d  s o l u t i o n  o f  
pheny lm agnes ium  b rom ide  ( 0 . 0 3 2  mole)  p r e p a r e d  f rom  0 .7 7  g .
( 0 . 0 3 2  g—atom ) o f  magnesium and 5 . 1  g .  ( 0 . 0 3 3  m ole)  o f  bromo— 
b e n z e n e  i n  200 m l .  o f  a n h y d ro u s  e t h e r  was added  0 . 0 3  g- o f  
c u p r o u s  c h l o r i d e .  The m i x t u r e  was s t i r r e d  f o r  15 m in .  A 
s o l u t i o n  o f  3 - 2  g .  o f  im pure  1—m e th y l—1 , 2 , 3 , 6 —t e t r a h y d r o —1*— 
p y r l d y l p h e n y l  k e to n e  (XXXIII) i n  50 m l .  o f  e t h e r  was added  
d r o p w i s e .  A f t e r  t h e  a d d i t i o n  was c o m p l e t e ,  t h e  m i x t u r e  was 
s t i r r e d  and h e a t e d  u n d e r  r e f l u x  f o r  2 h r .  To t h e  s t i r r e d  
r e a c t i o n  m i x t u r e ,  c o o l e d  i n  a n  i c e  b a t h ,  was added  d r o p w is e  
a n  a q u e o u s  s o l u t i o n  o f  ammonium c h l o r i d e .  The e t h e r  l a y e r
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was s e p a r a t e d  and e x t r a c t e d  w i t h  h y d r o c h l o r i c  a c i d  ( 2 0 $ ) .
The a c i d  e x t r a c t  was c o o le d  i n  i c e  and made a l k a l i n e  w i t h  
*4-0$ a q u e o u s  p o t a s s i u m  o a r b o n a t e .  The o i l  w h ic h  p r e c i p i t a t e d  
was t a k e n  up i n  e t h e r ,  and  t h e  e t h e r  e x t r a c t s  were  d r i e d  o v e r  
p o t a s s i u m  c a r b o n a t e .  Removal o f  t h e  e t h e r  by d i s t i l l a t i o n  
g a v e  a d a r k  r e d  o i l  w h ic h  c o u ld  n o t  be c r y s t a l l i z e d .
IR s p e o t ru m  ( F i l m ,  No. 2 3 6 3 ) :  33*4-0 (B,M), 3070 (H) ,
30i|.0 (M), 1678,  1595 ,  1*4-95, 753 ,  737 (M), 695 .
A p i c r a t e  o f  t h e  o i l  was p r e p a r e d  i n  t h e  u s u a l  m anner .  
The y e l l o w  s o l i d  was r e c r y s t a l l i z e d  t w i c e  f rom  95$ e t h a n o l  
g i v i n g  b r i g h t  y e l l o w  p l a t e s ,  m .p .  223—227°•  M ix tu r e  m e l t i n g  
w i t h  a n  a u t h e n t i c  sam ple  o f  th e  p i c r a t e  o f  1—m e th y l—3—p h e n y 1— 
*4—b e n z o y l p l p e r i d i n e  ( I I I ) ,  m .p .  225—23*4-°, d i d  n o t  d e p r e s s .
The i n f r a r e d  a b s o r p t i o n  s p e c t r a  ( N u j o l  m u l l s ,  Nos.  2367  and 





The r e a c t i o n  o f  phenylm agnes ium  b ro m id e  w i t h  m e t h y l  
1—m e t h y l —1 , 2 , 3 , 6 —t e t r a h y d r o i s o n i o o t i n a t e  ( I I )  a t  room tem­
p e r a t u r e  gav e  1—m e t h y l —3—p h e n y l —ij—b e n z o y l p i p e r i d i n e  ( I I I ) .
I n  o r d e r  t o  e s t a b l i s h  t h e  s t e r e o c h e m i s t r y  o f  I I I ,  e q u i l i ­
b r a t i o n  r e a c t i o n s  w i t h  a c i d  and b a s e  were  a t t e m p t e d .  I t  was 
fo u n d  t h a t  i n  e v e r y  c a s e ,  no r e a c t i o n  o c c u r r e d  and I I I  was 
r e c o v e r e d .  A t t e m p te d  b r o m i n a t i o n  o f  I I I  g a v e  o n l y  t h e  h y d r o -  
b ro m ide  o f  I I I .  On t h e  b a s i s  o f  t h e s e  p r e l i m i n a r y  r e s u l t s ,
I I I  was a s s i g n e d  t h e  ^ t ran s—c o n f i g u r a t i o n ,  s i n c e  t h e  f a i l u r e  
o f  I I I  t o  e q u i l i b r a t e  I n d i c a t e s  t h a t  t h e  h y d r o g e n  a l p h a  t o  
t h e  c a r b o n y l  i s  a x i a l l y —o r i e n t e d .
The r e a c t i o n  o f  p heny lm agnes ium  b rom id e  w i t h  I I  a t  
-7° g a v e  m e t h y l  1—m e th y l—3—p h e n y l i s o n i p e c o t a t e  ( I V ) .  I l l  and
IV w ere  fo u n d  t o  h a v e  t h e  same s t e r e o c h e m i s t r y ,  s i n c e  t h e  
r e a c t i o n  o f  p h e n y l l i t h i u m  w i t h  I I I  and IV gave  one and t h e  
same c a r b i n o l ,  1—m e th y l—3—p h e n y l— p i p e r i d y l d i p h e n y l  c a r b i n o l
( V ) . The e s t e r ,  IV, was s u c c e s s f u l l y  c o n v e r t e d  t o  2—m e th y l—
5 - k e t o - l , 2 , 3 , 4 , 4 a , 9b—h e x a h y d r o —l H - i n d e n o  [_ 1 , 2 ,  c ]  p y r i d i n e  (X ) .  
A l th o u g h  X u n d o u b t e d l y  h a s  a c i s  r i n g —f u s i o n ,  t h e  s t e r e o ­
c h e m i s t r y  o f  IV d o e s  n o t  n e c e s s a r i l y  h a v e  t o  be c i s . P l a t i  
and W o n n e r ^ ^  fo u n d  t h a t  e i t h e r  r a c e m a t e  o f  m e t h y l  1—m e t h y l —
p h e n y l n i p e c o t a t e  gav e  t h e  same i n d e n o p y r i d i n e . I s o m e r i z a ­
t i o n  o f  t h e  t r a n s  t o  t h e  c i s  r a c e m a te  p r o b a b l y  o c c u r s  d u r i n g  
t h e  F r i e d e l —C r a f t s  c y c l i z a t i o n .  S e v e r a l  compounds d e r i v e d
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f rom  X were p r e p a r e d .
L i t h i u m  aluminum h y d r i d e  r e d u c t i o n  o f  I I I  gave  1— 
m e th y l—3—p h e n y l —ij—p i p e r i d y l p h e n y l  c a r b i n o l  V I I  i n  q u a n t i t a t i v e  
y i e l d .  The s t e r e o c h e m i s t r y  o f  V I I I  sh o u ld  be t h e  same a s  t h a t  
o f  I I I  and m anganese  d i o x i d e  o x i d a t i o n  o f  V I I  g a v e  I I I .  I n  
a n  a t t e m p t  t o  d e h y d r a t e  t h e  c a r b i n o l  V I I ,  a g l a c i a l  a c e t i c  
a c i d  14.8$  h y d ro b ro m lc  a c i d  m i x t u r e ,  w h ic h  had b e e n  u se d  p r e ­
v i o u s l y  w i t h  s u c o e s s ,  was em ployed .  I t  was found  t h a t  f rom 
t h r e e  d i f f e r e n t  a t t e m p t e d  d e h y d r a t i o n s  t h r e e  d i f f e r e n t  p r o ­
d u c t s  were  i s o l a t e d .
I n  t h e  f i r s t ,  a s o l i d  w h ic h  had b e e n  r e c r y s t a l l i z e d  
f rom  I s o p r o p y l  a l c o h o l  was i s o l a t e d .  I t s  h i g h  m e l t i n g  p o i n t ,  
s o l u b i l i t y  i n  w a t e r ,  i n s o l u b i l i t y  i n  e t h e r  and p o s i t i v e  s i l v e r  
n i t r a t e  t e s t  g av e  s t r o n g  e v i d e n c e  i n  f a v o r  o f  a q u a t e r n a r y  
s a l t .  E l e m e n t a l  a n a l y s e s  a g r e e d  w i t h  t h e  e m p i r i c a l  f o r m u l a ,  
CieHa a BrN*CaHe O. S t r u c t u r e  XIV i s  t h e  o n l y  one w h ich  a c c o u n t s  
f o r  a l l  o f  t h e  e x p e r i m e n t a l  f a c t s .
I n  t h e  second r e a c t i o n ,  t h e  u se  o f  i s o p r o p y l  a l c o h o l  
was a v o i d e d .  A s o l i d  d i f f e r i n g  f rom  XIV o n l y  i n  m e l t i n g  
p o i n t  and o n l y  s l i g h t l y  i n  t h e  i n f r a r e d  s p e c t r u m  was o b t a i n e d .  
E l e m e n t a l  a n a l y s i s  a g r e e d  w i t h  t h e  e m p i r i c a l  f o r m u l a ,  C i a HaaN. 
S t r u c t u r e  XV accomm odates  a l l  t h e  e x p e r i m e n t a l  f a c t s .  I f  t h e  
a s s i g n e d  s t r u c t u r e s  a r e  c o r r e c t ,  t h e n  t h e i r  f o r m a t i o n s  c a n  
be r a t i o n a l i z e d  o n l y  i f  i t  i s  assumed t h a t  V I I  i s  t h e  t r a n s  
c a r b i n o l .
In  t h e  t h i r d  r e a c t i o n ,  an  i s o m e r i c  a l c o h o l ,  Cl a Ha a i*0, 
was o b t a i n e d .  The p o s i t i o n  o f  —OH s t r e t c h i n g  a b s o r p t i o n  i n
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i t a  i n f r a r e d  a b s o r p t i o n  s p e c t r u m  was d i f f e r e n t  t h a n  t h a t  o f  
V I I .  I t  a l s o  d i f f e r e d  i n  m e l t i n g  p o i n t .  Manganese d i o x i d e  
o x i d a t i o n  o f  t h i s  c a r b l n o l ,  XVI, t o  I I I  s u g g e s t s  t h a t  t h e  
two a l o o h o l s  d i f f e r  o n l y  i n  t h e  c o n f i g u r a t i o n  o f  t h e  c a r b i n o l  
c a r b o n  a to m .
B r o m in a t io n  o f  I I I  u n d e r  f o r c i n g  c o n d i t i o n s  g a v e  a 
s o l i d  h y d r o - b r o m i d e  (XIX) whose e l e m e n t a l  a n a l y s i s  a g r e e d  
w i t h  t h e  e m p i r i o a l  f o r m u l a ,  Cl e Ha x B ra NO. The i n f r a r e d  ab­
s o r p t i o n  s p e c t ru m  o f  XIX. showed a c a r b o n y l  bond a t  1666 
cm."*1 , and t h e  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  showed maxima 
a t  252 mp ( l o g  £ - 3 . 9 2 )  and 3 3 k  ^  ( l o g  6 :  3 . 2 5 ) .  C o n v e r s i o n  
o f  XIX t o  t h e  f r e e  b a s e  gav e  a s o l i d  whose i n f r a r e d  a b s o r p t i o n  
sp e c t r u m  showed —OH s t r e t c h i n g  a b s o r p t i o n  a t  3^4-0 era.” ’1 (B,M) 
and 3380 era.*”1 (B ,S )  and a weak band a t  I 6I4.2 cm.*”1 . I t s  
u l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  showed maxima a t  238  mp,
260 nyi, and 336 mp. The s t r u c t u r e  o f  t h e  f r e e  b a s e  h a s  n o t  
b e e n  d e t e r m i n e d .  Compound XIX i s  1—m e t h y l —3—pheny 1 - 4 —brom o-  
I4.—b e n z o y l p i p e r i d i n e  h y d r o b r o m id e .
1—M ethy l—3—phenyl-4jj—b e n z o y l p i p e r i d i n e  ( I I I )  was 
s u c c e s s f u l l y  d e h y d r o g e n a t e d  w i t h  s u l f u r  t o  g i v e  3—p h e n y l —4— 
b e n z o y l p y r i d i n e  (XX). C a t a l y t i c  h y d r o g e n a t i o n  o f  1 - m e t h y l —3— 
p h e n y l —ijj—b e n z o y l p y r i d i n i u m  b rom ide  (XXI) g a v e  a m i x t u r e  o f  
p r o d u c t s  f rom  w h ic h  a s m a l l  amount o f  1 - m e t h y l —3—p h e n y l —i|— 
p i p e r i d y l p h e n y l  c a r b i n o l  (XXII)  was i s o l a t e d .  XXII was fou n d  
t o  be d i f f e r e n t  f rom  V I I  and XVI by  m e l t i n g  p o i n t  and by  i n ­
f r a r e d  a n a l y s i s .  C a t a l y t i c  h y d r o g e n a t i o n s  o f  3—phenyl-4 j— - 
p y r l d y l p h e n y l  c a r b i n o l  m e th ob rom id e  (XXIV) and 1 - m e t h y l —3—
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p h e n y l—1 , 2 , 3 , & - t e t r a h y d r o - i j —p y r l d y l p h e n y l  c a r b l n o l  (XXV) were  
u n s u c c e s s f u l .  The f a i l u r e  o f  t h e s e  h y d r o g e n a t i o n s  may be  due 
t o  c a t a l y s t  p o i s o n i n g  by a t r a c e  o f  s u l f u r .
Thus,  t h e  r e s u l t s  o f  t h i s  r e s e a r c h  h a v e  n o t  p r o d u c e d  
c o n c l u s i v e  e v i d e n c e  f o r  e i t h e r  t h e  c i s  o r  t h e  t r a n s  con­
f i g u r a t i o n  f o r  1 - m e th y l—3 - p h e n y l —l j» - b e n z o y l p i p e r i d in e  ( I I I )  
and r e l a t e d  compounds.  Most o f  t h e  e x p e r i m e n t a l  e v i d e n c e  
p o i n t s  t o  t h e  t r a n s  c o n f i g u r a t i o n ,  b u t  t h i s  i s  c o u n t e r e d  by 
t h e  r e s u l t s  o b t a i n e d  f rom  t h e  a t t e m p t e d  d e h y d r a t i o n  r e a c t i o n s  
o f  V I I .
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